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Visit our website 


www.distel.co.uk 


GIANT 10” 7-SEGMENT DISPLAYS 


A bulk purchase enables us to bring to you these 
GIANT 7-segment digital displays at a now affordable eee! 
price!! The 10” character size gives exceptional read- f 
ability at long distances and enables a host of applica- i 
tions including, score boards, digital clocks, counters, 
event timers etc. As the units are a simple electro- 

mechanical device and operate from 12V DC, simple 

switching via switches, relays, PIC or PC may be used 

to control single or multiple digits. Units feature integral : : 
‘Zero Power memory which greatly simplifies desgn. 

For an excellent DIY practical article, see the May issue of ‘Everyday 
Practical Electronics’ magazine. Ideal School / College construction proj- 
ect. Supplied in good RFE condition, complete with data sheet. 


Less than30% Only £29.95(8) or 4 / £99.00(0) 


of makers price Order RW44 Order PH26 


THE AMAZING TELEBOX 


TV SOUND & 
VIDEO TUNER 


CABLE COMPATIBLE * 


ee as 


Converts your colour monitor into a QUALITY COLOUR TV!! 


The TELEBOX is an attractive fully cased mains powered unit, containing all 
electronics ready to plug into a host of video monitors or AV equipment which 
are fitted with a composite video or SCART input. The composite video output 
will also plug directly into most video recorders, allowing reception of TV chan- 
nels not normally receivable on most television receivers* (TELEBOX 
MB). Push button controls on the front panel allow reception of 8 fully tuneable 
‘off air UHF colour television channels. TELEBOX MB covers virtually all tele- 
vision frequencies VHF and UHF including the HYPERBAND as used by 
most cable TV operators. Ideal for desktop computer video systems & 
PIP (picture in picture) setups. For complete compatibility — even for monitors 
without sound — an integral 4 watt audio amplifier and low level Hi Fi audio out- 
put are provided as standard. Brand new — fully guaranteed. 


TELEBOxX ST for composite video input type monitors £36.95 
TELEBOX STL as ST but fitted with integral speaker £39.50 
TELEBOX MB Multiband VHF/UHF/Cable/Hyperband tuner £69.95 
For overseas PAL versions state 5.5 or 6 mHz sound specification. 
*For cable / hyperband signal reception Telebox MB should be con- 
nected to a cable type service. Shipping on all Telebox's, code (B) 


State of the art PAL (UK spec) UHF TV tuner module 

with composite 1V pp video & NICAM hi fi stereo sound 

outputs. Micro electronics all on one small PCB only 73 x 160 

x 52 mm enable full tuning control via a simple 3 wire link to an IBM 

pc type computer. Supplied complete with simple working program 

and documentation. Requires +12V & + 5V DCto operate. 

BRAND NEW - Order as MYO0. Only £39.95 code (B) 
See www.distel.co.uk/data_my00.htm for picture + full details 


HARD DISK DRIVES 242" - 14" 


2%" TOSHIBA MK1002MAV 1.1Gb laptop(12.5 mm H) New £59.95 
2%" TOSHIBA MK4313MAT 4.3Gb laptop (8.2 mm H) New£105.00 
2%" TOSHIBAMK6409MAV 6.1Gb laptop (12.7 mm H) New £98.00 
2%" TOSHIBA MK1614GAV 18 Gb laptop (12 mm H) New£149.95 
2%" to 3¥2" conversion kit for Pc's, complete with connectors £15.95 
3%" COMPAQ 313706-B21 (IBM) 9 gb ULT/SCSI3 New £199.00 
3%2" FUJI FK-309-26 20mb MFM I/F RFE £59.95 


3%" CONNER CP3024 20 mb IDE I/F (or equiv.) RFE £59.95 
3%" CONNER CP3044 40 mb IDE I/F (or equiv.) RFE £69.00 
3%" QUANTUM 40S Prodri ve 42mb SCSI I/F, New RFE = £49.00 
5%" MINISCRIBE 3425 20mb MEM I/F (or equiv.) RFE £49.95 
5%" SEAGATE ST-238R 30 mb RLL |/F Refurb £69.95 
5%" CDC 94205-51 40mb HH MFM I/F RFE tested £69.95 
5%" HP 97548 850 Mb SCSI RFE tested £99.00 
5%" HP C3010 2 Gbyte SCSI differential RFE tested £195.00 
8" NEC D2246 85 Mb SMD interface. New £99.00 
8" FUJITSU M2322K 160Mb SMD I/F RFE tested £195.00 
8" FUJITSU M2392K 2 Gb SMD |/F RFE tested £345.00 


Many other floppy & H drives, IDE, SCSI. ESDI etc from stock, 
see website for full stock list. Shipping on all drives is code 


EQUIPMENT & SPECIAL I. 


MITSUBISHI FA3445ETKL 14” Ind. spec SVGA monitors £245 
FARNELL 0-60V DC @ 50 Amps, bench Power Supplies £995 
FARNELL AP3080 0-30V DC @ 80 Amps, bench Suppy £1850 
KINGSHILL CZ403/1 0-50V @ DC 200 Amps - NEW £3950 
1kW to 400 kW - 400 Hz 3 phase power sources - ex stock £POA 
IBM 8230 Type 1, Token ring base unit driver £760 
Wayne Kerr RA200 Audio frequency response analyser £2500 
INFODEC 1U, 24 port, RJ45 network patchpanels. #TH93 £49 
3COM 16670 12 Port Ethernet hub - RJ45 connectors #LD97 £69 
3COM 16671 24 Port Ethernet hub - RJ45 connectors £89 
3COM 16700 8 Port Ethernet hub - RU45 connectors NEW £39 
IBM 53F5501 Token Ring ICS 20 port lobe modules £POA 
IBM MAU Token ring distribution panel 8228-23-5050N £45 
AIM 501 Low distortion Oscillator 9Hz to 330Khz, IEEE I/O £550 
ALLGON 8360.11805-1880 MHz hybrid power combiners £250 
Trend DSA 274 Data Analyser with G703(2M) 64 i/o £POA 
Marconi 6310 Programmable 2 to 22 GHz sweep generator £4500 
Marconi 2022C 10KHz-1GHz RF signal generator £1550 
HP1650B Logic Analyser £3750 
HP3781A Pattern generator & HP3782A Error Detector £POA 
HP6621A Dual Programmable GPIB PSU 0-7 V 160 watts £1800 
HP6264 Rack mount variable 0-20V @ 20A metered PSU £475 
HP54121A DC to 22 GHz four channel test set £POA 
HP8130A opt 020 300 MHz pulse generator, GPIB etc £7900 
HP A1, AO 8 pen HPGL high speed drum plotters - from £550 
HP DRAFTMASTER 1 8 pen high speed plotter £750 
EG+G Brookdeal 95035C Precision lock in amp £1800 
Keithley 590 CV capacitor / voltage analyser £POA 
Racal ICR40 dual 40 channel voice recorder system £3750 
Fiskers 45KVA 3 ph On Line UPS — New batteries £4500 
Emerson AP130 2.5KVA industrial spec.UPS £1499 
Mann Tally MT645 High speed line printer £2200 
Intel SBC 486/133SE Multibus 486 system. 8Mb Ram £945 


ALL MAIL TO 
Dept PE, 29 / 35 Osborne Rd 
Thornton Heath 
Surrey CR7 8PD 
Open Mon - Fri 9.00 - 5:30 


THE ORIGINAL SURPLUS WONDERLAND! 


THIS MONTH'S SELECTION FROM OUR VAST EVER CHANGING STOCKS 
IC's -TRANSISTORS - DIODES 


OBSOLETE — SHORT SUPPLY — BULK 


10,000,000 items EX STOCK 
For MAJOR savinas 
CALL or see web site www.distel.co.uk 


COMPUTER MONITOR SPECIALS 


Legacy products 
High spec genuine multysync. 


CGA, EGA, VGA, SVGA 
Mitsubishi FA3415ETKL 14” SVGA Multisyne colour monitor with fine 0.28 
dot pitch tube and resolution of 1024 x 768. A variety of 
inputs allows connection to a host of computers including 
COMMODORE (including Amiga 1200), 
ARCHIMEDES and APPLE. Many features: Etched 
faceplate, text switching and LOW RADIATION MPR 
Sa specification. Fully guaranteed, in EXCELLENT ittle 
used condition. Tilt & Swivel Base £4.75 
it . Order as 
VGA cable for IBM PC included. Only £1 29 () “cers 
Generic LOW COST SVGA Monitors 
We choose the make, which includes Compaq, 
Mitsubishi, IBM, etc. Supplied ready to run with all 
cables, Standard RTB 90 day guarantee. 
14” 15” 17” 
£59.00 £69.00 £79.00 


IBM PC's in CGA, EGA, VGA & SVGA modes, BBC, 
External cables for other types of computers available - CALL 
Supplied in good used condition. Shipping code (D) 


VIDEO MONITORS 


PHILIPS HCS35 (same style as CM8833) attractively styled 14” 
colour monitor with both RGB and standard composite 15.625 
Khz video inputs via SCART socket and separate phono jacks. 
Integral audio power amp and speaker for all audio visual uses. 
Will connect direct to Amiga and Atari BBC computers. Ideal for all 
video monitoring / security applications with direct connection to 
most colour cameras. High quality with many features such as 
front concealed flap controls, VCR correction button etc. Good used 


condition - fully tested - guaranteed 
Dimensions: Wid" x Hiss x 1s" p, Only £99.00 _, 


PHILIPS HCS31 Ultra compact 9” colour video monitor with stan- 
dard composite 15.625 Khz video input via SCART socket. Ideal 
for all monitoring / security applications. High quality, ex-equipment 
fully tested & guaranteed (possible minor screen burns). In attractive 
square black plastic case measuring W10" x H10" x 13%" D. 240 V 


AC mains powered. Only £79.00 (p) 


INDUSTRIAL COMPUTERS 


Tiny shoebox sized industrial 40 Mhz 386 PC system measuring 
only (mm) 266 w X 88 h X 272 d. Ideal for dedicated control 
applications running DOS, Linux or even Windows ! Steel case 
contains 85 to 265 V AC 50/60 hz 70 Watt PSU, a 3 slot ISA 
passive backplane and a Rocky 318 (PC 104) standard, single 
board computer with 8 MByte NON VOLATILE solid state ‘Disk 
On Chip' RAMDISK. System comprises: Rocky 318 (PC104) SBC 
ISA card with 40MHz ALi 386SX CPU, 72 pin SIMM slot with 16 
Mbyte SIMM, AMI BIOS, battery backed up real time clock. 2 x 9 
pin D 16550 serial ports. EPP/ECP printer port, mini DIN key- 
board connector, floppy port, IDE port for hard drives up to 528 
MByte capacity, watchdog timer and PC/104 bus socket. The 8 
MByte solid state ‘disk on a chip' has its own BIOS, and can be 
fdisked, formatted & booted. Supplied BRAND NEW fully tested 
and guaranteed. For full data see featured item on website. Order 


as QF96's of applications inc: Only £99.00 (0) 


firewall, routers, robotics etc 


RES EMS Unless marked NEW, items in 


this section are pre owned. 


HP6030A 0-200V DC @ 17 Amps bench power supply £1950 
Intel SBC 486/125C08 Enhanced Multibus (MSA) New £1150 
Nikon HFX-11 (Ephiphot) exposure control unit £1450 
PHILIPS PM5518 pro. TV signal generator £1250 
Motorola VME Bus Boards & Components List. SAE / CALL 
Trio 0-18 vdc linear, metered 30 amp bench PSU. New 
Fujitsu M3041R 600 LPM high speed band printer 

Fujitsu M3041D 600 LPM printer with network interface 
Siemens K4400 64Kb to 140Mb demux analyser 

Perkin Elmer 299B Infrared spectrophotometer 

Perkin Elmer 597 Infrared spectrophotometer £3500 
VG Electronics 1035 TELETEXT Decoding Margin Meter £3250 
LightBand 60 output high spec 2u rack mount Video VDA's £495 
Sekonic SD 150H 18 channel digital Hybrid chart recorder £1995 
B&K 2633 Microphone pre amp £300 
Taylor Hobson Tallysurf amplifier / recorder £750 
ADC $8200 Carbon dioxide gas detector / monitor £1450 
BBC AM20/3 PPM Meter (Ernest Turner) + drive electronics £75 
ANRITSU 9654A Optical DC-2.5G/b waveform monitor £5650 
ANRITSU ML93A optical power meter £990 
ANRITSU Fibre optic characteristic test set £POA 
R&S FTDZ Dual sound unit £650 
R&S SBUF-E1 Vision modulator £775 
WILTRON 6630B 12.4 / 20GHz RF sweep generator £5750 
TEK 2445 150 MHz 4 trace oscilloscope £1250 
TEK 2465 300 Mhz 300 MHz oscilloscope rack mount £1955 
TEK TDS380 400Mhz digital realtime + disk drive, FFT etc £2900 
TEK TDS524A 500Mhz digital realtime + colour display etc £5100 
HP3585A Opt 907 20Hz to 40 Mhz spectrum analyser £3950 
PHILIPS PW1730/10 60KV XRAY generator & accessories £POA 
VARIACS - Large range from stock - call or see our website 
CLAUDE LYONS 12A 240V single phase auto. volt. regs £325 


£550 
£1950 
£1250 
£2950 
£500 


18 Million Items On Line Now ! 
Secure ordering, Pictures, Information 


www.distel.co.uk 


email = admin @distel.co.uk 


Surplus always 
wanted for cash! 
19" RACK CABINETS 
Europe’s Largest Stocks of 
quality rack cabinets, 


enclosures and accessories. 
Over 1000 Racks from stock 


oats 


(aaa 


This month’s special 
33 / 42 / 47 U - High Quality 
All steel Rack Cabinets 


Made by Eurocraft Enclosures Ltd to the highest possible 
spec, rack features all steel construction with 
~ 
ZZ 


removable side, front and back doors. Front and 
fA 
. oa 


back doors are hinged for easy access and all ¢ 
lockable with five secure 5 lever barrel locks. | 
The front door is constructed of double walled 
steel with a ‘designer style’ smoked acrylic front | 
panel to enable status indicators to be seen) 
through the panel, yet remain unobtrusive. | 
Internally the rack features fully slotted reinforced 
vertical fixing members to take the heaviest of 
19” rack equipment. The two movable vertical 
fixing struts (extras available) are pre punched for " 
standard ‘cage nuts’. A mains distribution | 
panel internally mounted to the bottom rear, pro- | 
vides 8 x IEC 3 pin Euro sockets and 1 x 13 amp 3 
pin switched utility socket. Overall ventilation is pro- 
vided by fully louvered back door and double skinned top section with 
top and side louvres. The top panel may be removed for fitting of 
integral fans to the sub plate etc. Other features include: fitted cas- 
tors and floor levelers, prepunched utility panel at lower rear for cable 
/ connector access etc. Supplied in excellent, slightly used condi- 
tion with keys. Colour Royal blue. some grey available - CALL — Can 
be supplied in many other configurations. 


33U 42U 47U 
Order as BC44 | Order as DT20 | Order as RV36 
External dimensions]External dimensions|External dimensions 
mm=1625H x 635D x}{mm=2019H x 635D x}mm=2019H x 635D x 
603 W. (64” H x 25” D] 603 W. (79.5” H x 25”|603 W. (88” H x 25” D 
x 2334” W ) D x 23%” W ) x 23%" W ) 
Only Only Only 


£245 | £345 | £410 


COLOUR CCD CAMERAS & 
1G > 


Undoubtedly a miracle of modern technology & our KS) 
special buying power ! A quality product featuring AL, 
a fully cased COLOUR CCD camera at a give away & 
price ! Unit features full autolight sensing for use in low R 
light & high light applications. 
A 10 mm fixed focus wide angle lens 
gives excellent focus and resolution 
from close up to long range. The com- 
x) ‘4 posite video output will connect to any 
4“ composite monitor or TV (via SCART 
i, ". socket) and most video recorders. Unit 
= a runs from 12V DC so ideal for security & 
= 4 portable applications where mains 
power not available. Overall dimensions 
66 mm wide x 117 deep x 43 high. Supplied BRAND NEW & fully 


cn 
guaranteed with user data, 100's of applications including Security, 
Home Video, Web TV, Web Cams etc, etc. 


Order as LK33 ONLY £79.00 or 2 for £149.00 (e) 
SOFTWARE SPECIALS 


NT4 WorkStation, complete with service pack 3 
and licence - OEM packaged. ONLY £89.00 (s) 

ENCARTA 95 - CDROM, Not the latest - but at this price! £7.95 
DOS 5.0 on 3%" disks with concise books c/w QBasic . £14.95 
Windows for Workgroups 3.11+ Dos 6.22 on 3.5" disks £55.00 
Windows 95 CDROM Only - No Licence - £19.95 


Wordperfect 6 for DOS supplied on 3%" disks with manual 


£24.95 


Visible red, 670nm laser diode assembly. Unit runs from 5 V DC at 
approx 50 mA. Orginally made for continuous use in industrial bar- 
code scanners, the laser is mounted in a removable solid alumini- 
um block, which functions as a heatsink and rigid optical mount. 
Dims of block are 50 w x 50 d x 15 h mm. Integral features include 
over temperature shutdown, current control, laser OK ouput, and 
gated TTL ON / OFF. Many uses for experimental optics, comms & 
lightshows etc. Supplied complete with data sheet. 


Order as TD91 ONLY £24.95 (a) 
DC POWER SUPPLIES 


Virtually every type of power supply you 
can imagine.Over 10,000 Power Supplies 
Ex Stock - Call or see our web site. 


RELAYS - 200,000 FROM STOCK 


Save ££££'s by choosing your next relay from our Massive Stocks 
covering types such as Military, Octal, Cradle, Hermetically Sealed, 
Continental, Contactors, Time Delay, Reed, Mercury Wetted, Solid 
State, Printed Circuit Mounting etc., CALL or see our web site 
www.distel.co.uk for more information. Many obsolete types from 
stock. Save £££E's 


ALL % ENQUIRIES 


0208 653 3333 


FAX 0208 653 8888 


All prices for UK Mainland. UK customers add 17.5% VAT to TOTAL order amount. Minimum order £10. Bona Fide account orders accepted from Govemment, Schools, Universities 
and Local Authorities - minimum account order £50. Cheques over £100 are subject to 7 working days clearance. Carriage charges (A)=£3.50, (B)=£6.50, (C)=£10, (D)=£15.00, 
(E)=£18.00, (F)=CALL. Allow approx 3 days for shipping - faster CALL. All goods supplied to our Standard Conditions of Sale which can be viewed at our website and unless stat- 
ed guaranteed for 90 days. All guarantees on a retum to base basis. All rights reserved to change prices / specifications without prior notice. Orders subject to stock. Discounts for 
volume. Top CASH prices paid for surplus goods. All trademarks, tradenames etc acknowledged. © Display Electronics 2002. E & O E.. 


NEXT MONTH 


WIND TUNNEL 


This design can be used to investigate the effect 
of air flow on small objects under controlled 
conditions, demonstrating, for example, how 
aircraft or bird wings create lift. 


It is intended for use with the Wind Speed Meter 
in this January issue, but can also be used on its 
own. It has an easily constructed long rectangular 
wooden frame with clear perspex panels that 
enclose a fan at one end whose rotation rate is 
controlled electronically by a potentiometer. Air 
flow rate is variable from less than 1mph to 
around 8&mph, although the range can be raised 
or lowered depending on the motor used and the 
tunnel’s chosen dimensions. 


An optically coupled sensor responds to a light 
beam being broken by the fan blades and a PIC 
microcontroller determines the fan’s revolutions 


BRAINIBOT 


Get into robotics with this intriguing project. 
At first glance this is a simple two wheeled buggy, but 
its responses to signals from its three sensors make 
it appear to be surprisingly intelligent. The 
mechanical design described has been kept as 
simple as possible so that basic components can be 


per second in relation to the number of fan blades. 
The result is shown on an alphanumeric liquid 
crystal display. 


The fan has an induction motor rated at 230V a.c. 
26 watts. It is powered from a 12V car battery via 
a step-up frequency controlled inverter. 


used, but other hardware can be adapted to run from 
the same circuits — providing plenty of room for 
experiments. 


To keep the assembly simple, the electronic control 
board has been designed to use the bare minimum 
of components, and the smallest PIC microcontroller 
that will provide sufficient inputs and outputs. The 
final design uses an eight-pin microcontroller, 
demonstrates some interesting PIC programming and 
hardware techniques, and has a performance that 
would be expected from something much more 
complicated. 


TESLA TRANSFORMER 


Tesla invented his famous high frequency, high voltage 
transformer in 1891. This small version is much safer to 
operate and adjust than the larger versions and all the 
materials and parts required are readily available. It will, 
however, give a sizzling demonstration of Tesla’s best 
known discovery with an impressive, vicious, hissing 
discharge. 


BACK TO BASICS - simple, 
easy to build projects 


NO ONE DOES = BETTER 


DON'T MISS AN 
ISSUE - PLACE YOUR 
ORDER NOW! 


Demand is bound to be high 


PRACTICAL 


EUE EC TRONICS 


Everyday Practical Electronics, January 2003 3 


E 
0 
0 
p 
° 
c 
e 
0 
0 
u 
& 
6 
i 
6 
J 
: 
: 
: 
: 


Established 1990 


QuasaR GtectRonics WimitreD 
PO Box 6935, BISHOPS STORTFORD, Herts. CM23 4WP 


TEL: 0871 717 7168 


ADD £2.00 P&P to all orders (or 1st Class Recorded £4, Next day 
(Insured £250) £7, Europe £5.00, Rest of World £10.00). We accept all 


FAX: 0871 277 2728 


BB vs 


major credit cards. Make cheques/PO's payable to Quasar Electronics. 


Prices include 17.5% VAT. MAIL ORDER ONLY 


— ee 
FREE CATALOGUE with order or send 2 x 1st class stamps Ae |) 


(refundable) for details of over 150 kits & publications. 


PROJECT KITS 


Our electronic kits are supplied complete with all components, high quality PCBs 
(NOT cheap Tripad strip board!) and detailed assembly/operating instructions 


@ 2x 25W CAR BOOSTER AMPLIFIER Connects to 
the output of an existing car stereo cassette player, 
CD player or radio. Heatsinks provided. PCB 
76x75mm. 1046KT. £24.95 

@ 3-CHANNEL WIRELESS LIGHT MODULATOR 
No electrical connection with amplifier. Light modu- 
lation achieved via a sensitive electret microphone. 
Separate sensitivity control per channel. Power 
handing 400W/channel. PCB 54x112mm. Mains 
powered. Box provided. 6014KT £24.95 

@ 12 RUNNING LIGHT EFFECT Exciting 12 LED 
light effect ideal for parties, discos, shop-windows & 
eye-catching signs. PCB design allows replacement 
of LEDs with 220V bulbs by inserting 3 TRIACs. 
Adjustable rotation speed & direction. PCB 
54x112mm. 1026KT £15.95; BOX (for mains opera- 
tion) 2026BX £9.00 

@ DISCO STROBE LIGHT Probably the most excit- 
ing of all light effects. Very bright strobe tube. 
Adjustable strobe frequency: 1-60Hz. Mains powered. 
PCB: 60x68mm. Box provided. 6037KT £28.95 


@ ANIMAL SOUNDS Cat, dog, chicken & cow. Ideal 
for kids farmyard toys & schools. SG10M £5.95 

@ 3 1/2 DIGIT LED PANEL METER Use for basic 
voltage/current displays or customise to measure 
temperature, light, weight, movement, sound lev- 
els, etc. with appropriate sensors (not supplied). 
Various input circuit designs provided. 3061KT 
£13.95 

@ IR REMOTE TOGGLE SWITCH Use any TV/VCR 
remote control unit to switch onboard 12V/1A relay 
on/off. 3058KT £10.95 

SPEED CONTROLLER for any common DC motor up 
to 100V/5A. Pulse width modulation gives maximum 
torque at all speeds. 5-15VDC. Box provided. 3067KT 
£12.95 

@ 3 x 8 CHANNEL IR RELAY BOARD Control eight 12V/1A 
relays by Infra Red (IR) remote control over a 20m range in 
‘sunlight. 6 relays turn on only, the other 2 toggle on/off. 3 oper- 
ation ranges determined by jumpers. Transmitter case & all 
components provided. Receiver PCB 76x89mm. 3072KT 
£52.95 


PRODUCT FEATURE 


COMPUTER TEMPERATURE DATA LOGGER 


SURVEILLANCE 


High performance surveillance bugs. Room transmitters supplied with sensitive electret microphone & battery holder/clip. All transmit- 
ters can be received on an ordinary VHF/FM radio between 88-108MHz. Available in Kit Form (KT) or Assembled & Tested (AS). 


ROOM SURVEILLANCE 

@ MTX - MINIATURE 3V TRANSMITTER Easy to build & guar- 
anteed to transmit 300m @ 3V. Long battery life. 3-5V operation. 
Only 45x18mm. B 3007KT £6.95 AS3007 £11.95 

MRTX - MINIATURE 9V TRANSMITTER Our best selling bug. 
Super sensitive, high power - 500m range @ 9V (over 1km with 
18V supply and better aerial). 45x19mm. 3018KT £7.95 AS3018 
£12.95 

HPTX - HIGH POWER TRANSMITTER High performance, 2 
stage transmitter gives 
greater stability & higher qual- 

ity reception. 1000m range 6- 
12V DC operation. Size ¥ 
70x15mm. 3032KT £9.95 
AS3032 £18.95 

@ MMTX - MICRO-MINIATURE 9V TRANSMITTER The ultimate 
bug for its size, performance and price. Just 15x25mm. 500m 
range @ 9V. Good stability. 6-18V operation. 3051KT £8.95 
AS3051 £14.95 

@ VTX - VOICE ACTIVATED TRANSMITTER Operates only 
when sounds detected. Low standby current. Variable trigger sen- 
sitivity. 500m range. Peaking circuit supplied for maximum RF out- 
put. On/off switch. 6V operation. Only 63x38mm. 3028KT £12.95 
AS3028 £24.95 

HARD-WIRED BUG/TWO STATION INTERCOM Each station 
has its own amplifier, speaker and mic. Can be set up as either a 
hard-wired bug or two-station intercom. 10m x 2-core cable sup- 
plied. 9V operation. 3021KT £15.95 (kit form only) 

@ TRVS - TAPE RECORDER VOX SWITCH Used to automati- 
cally operate a tape recorder (not supplied) via its REMOTE sock- 
et when sounds are detected. All conversations recorded. 
Adjustable sensitivity & turn-off delay. 115x19mm. 3013KT £9.95 
AS3013 £21.95 


TELEPHONE SURVEILLANCE 

@ MTTX - MINIATURE TELEPHONE TRANSMITTER Attaches 
anywhere to phone line. Transmits only when phone is used! 
Tune-in your radio and hear both parties. 300m range. Uses line 
as aerial & power source. 20x45mm. 3016KT £8.95 AS3016 
£14.95 

@ TRI - TELEPHONE RECORDING INTERFACE Automatically 
record all conversations. Connects between phone line & tape 
recorder (not supplied). Operates recorders with 1.5-12V battery 
systems. Powered from line. 50x33mm. 3033KT £9.95 AS3033 
£18.95 

@ TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS 
PHONE BUG Place pick-up coil on the phone line or near phone 
earpiece and hear both sides of the conversation. 3055KT £11.95 
AS3055 £20.95 


HIGH POWER TRANSMITTERS 

@ 1 WATT FM TRANSMITTER Easy to construct. Delivers a 
crisp, clear signal. Two-stage circuit. Kit includes microphone and 
requires a simple open dipole aerial. 8-30VDC. PCB 42x45mm. 
1009KT £12.95 

@ 4 WATT FM TRANSMITTER Comprises three RF 
stages and an audio preamplifier stage. Piezoelectric 
microphone supplied or you can use a separate preampli- 
fier circuit. Antenna can be an open dipole or Ground 
Plane. Ideal project for those who wish to get started in the 
fascinating world of FM broadcasting and want a good 
basic circuit to experiment with. 12-18VDC. PCB 
44x146mm. 1028KT. £22.95 AS1028 £34.95 

@ 15 WATT FM TRANSMITTER (PRE-ASSEMBLED & 
TESTED) Four transistor based stages with Philips BLY 
88 in final stage. 15 Watts RF power on the air. 88- 
108MHz. Accepts open dipole, Ground Plane, 5/8, J, or 
YAGI antennas. 12-18VDC. PCB 70x220mm. SWS meter 
needed for alignment. 1021KT £99.95 

@ SIMILAR TO ABOVE BUT 25W Output. 1031KT £109.95 


PC serial port controlled 4-channel temperature 
meter (either deg C or F). Requires no external 
power. Allows continuous temperature data logging of 
up to four temperature sensors located 200m+ from 
motherboard/PC. Ideal use for old 386/486 comput- 


ers. Users can tailor input data stream to suit their 


purpose (dump it to a spreadsheet or write your own 
BASIC programs using the INPUT command to grab 
the readings). PCB just 38mm x 38mm. Sensors con- 
nect via four 3-pin headers. 4 header cables supplied 


but only one DS18S20 sensor. 

Kit software available free from our website. 
ORDERING: 3145KT £23.95 (kit form); 
AS3145 £29.95 (assembled); 

Additional DS18S20 sensors £4.95 each 


@ SOUND EFFECTS GENERATOR Easy to build. 
Create an almost infinite variety of interesting/unusu- 
al sound effects from birds chirping to sirens. 9VDC. 
PCB 54x85mm. 1045KT £8.95 

@ ROBOT VOICE EFFECT Make your voice 
sound similar to a robot or Darlek. Great fun for 
discos, school plays, theatre productions, radio 
stations & playing jokes on your friends when 
answering the phone! PCB 42x71mm. 1131KT 
£8.95 

@ AUDIO TO LIGHT MODULATOR Controls intensi- 
ty of one or more lights in response to an audio input. 
Safe, modern opto-coupler design. Mains voltage 
experience required. 3012KT £8.95 

@ MUSIC BOX Activated by light. Plays 8 Christmas 
songs and 5 other tunes. 3104KT £7.95 

@ 20 SECOND VOICE RECORDER Uses non- 
volatile memory - no battery backup needed. 
Record/replay messages over & over. Playback as 
required to greet customers etc. Volume control & 
built-in mic. 6VDC. PCB 50x73mm. 

3131KT £12.95 

@ TRAIN SOUNDS 4 selectable sounds : whistle 
blowing, level crossing bell, ‘clickety-clack’ & 4 in 
sequence. SGO1M £6.95 


>< PUBLICATIONS 
THE EXPERTS IN RARE & 
UNUSUAL INFORMATION! 
Full details of all X-FACTOR PUBLICATIONS can be found in 


our catalogue. N.B. Minimum order charge for reports and plans 
is £5.00 PLUS normal P&P. 


@ SUPER-EAR LISTENING DEVICE Complete plans to 
build your own parabolic dish microphone. Listen to distant 
voices and sounds through open windows and even walls! 
Made from readily available parts. R002 £3.50 

@ LOCKS - How they work and how to pick them. This fact 
filled report will teach you more about locks and the art of 
lock picking than many books we have seen at 4 times the 
price. Packed with information and illustrations. R008 £3.50 
@ RADIO & TV JOKER PLANS 

We show you how to build three different circuits for disrupt- 
ing TV picture and sound plus FM radio! May upset your 
neighbours & the authorities!! DISCRETION REQUIRED. 
R017 £3.50 

@ INFINITY TRANSMITTER PLANS Complete plans for 
building the famous Infinity Transmitter. Once installed on the 
target phone, device acts like a room bug. Just call the target 
phone & activate the unit to hear all room sounds. Great for 
home/office security! R019 £3.50 

@ THE ETHER BOX CALL INTERCEPTOR PLANS Grabs 
telephone calls out of thin air! No need to wire-in a phone 
bug. Simply place this device near the phone lines to hear the 
conversations taking place! R025 £3.00 

@ CASH CREATOR BUSINESS REPORTS Need ideas for 
making some cash? Well this could be just what you need! 
You get 40 reports (approx. 800 pages) on floppy disk that 
give you information on setting up different businesses. You 
also get valuable reproduction and duplication rights so that 
you can sell the manuals as you like. R030 £7.50 


@ PC CONTROLLED RELAY BOARD 

Convert any 286 upward PC into a dedicated auto- 
matic controller to independently turn on/off up to 
eight lights, motors & other devices around the 
home, office, laboratory or factory. Each relay output 
is capable of switching 250VAC/4A. A suite of DOS 
and Windows control programs are provided to- 
gether with all components (except box and PC 
cable). 12VDC. PCB 70x200mm. 3074KT £31.95 

@ 2 CHANNEL UHF RELAY SWITCH Contains the 
same transmitter/receiver pair as 30A15 below plus 
the components and PCB to control two 
240VAC/10A relays (also supplied). Ultra bright 
LEDs used to indicate relay status. 3082KT £27.95 
@ TRANSMITTER RECEIVER PAIR 2-button keyfob 
style 300-375MHz Tx with 30m range. Receiver 
encoder module with matched decoder IC. 
Components must be built into a circuit like kit 3082 
above. 30A15 £14.95 

@ PIC 16C71 FOUR SERVO MOTOR DRIVER 
Simultaneously control up to 4 servo motors. Software & 
all components (except servos/control pots) supplied. 
5VDC. PCB 50x70mm. 3102KT £15.95 

@ UNIPOLAR STEPPER MOTOR DRIVER for any 
5/6/8 lead motor. Fast/slow & single step rates. 
Direction control & on/off switch. Wave, 2-phase & 
half-wave step modes. 4 LED indicators. PCB 
50x65mm. 3109KT £14.95 

@ PC CONTROLLED STEPPER MOTOR DRIVER 
Control two unipolar stepper motors (3A max. each) 
via PC printer port. Wave, 2-phase & half-wave step 
modes. Software accepts 4 digital inputs from exter- 
nal switches & will single step motors. PCB fits in D- 
shell case provided. 3113KT £17.95 

@ 12-BIT PC DATA ACQUISITION/CONTROL UNIT 
Similar to kit 3093 above but uses a 12 bit Analogue- 
to-Digital Converter (ADC) with internal analogue 
multiplexor. Reads 8 single ended channels or 4 dif- 
ferential inputs or a mixture of both. Analogue inputs 
read 0-4V. Four TTL/CMOS compatible digital 
input/outputs. ADC conversion time <10uS. Software 
(C, QB & Win), extended D shell case & all compo- 
nents (except sensors & cable) provided. 3118KT 
£52.95 

@ LIQUID LEVEL SENSOR/RAIN ALARM Will indi- 
cate fluid levels or simply the presence of fluid. Relay 
output to control a pump to add/remove water when it 
reaches a certain level. 1080KT £5.95 

@ AM RADIO KIT 1 Tuned Radio Frequency front- 
end, single chip AM radio IC & 2 stages of audio 
amplification. All components inc. speaker provid- 
ed. PCB 32x102mm. 3063KT £10.95 

@ DRILL SPEED CONTROLLER Adjust the speed 
of your electric drill according to the job at hand. 
Suitable for 240V AC mains powered drills up to 


WEB: http://www. QuasarElectronics.com 
email: epesales@QuasarElectronics.com 


700W power. PCB: 48mm x 65mm. Box provided. 
6074KT £17.95 

@ 3 INPUT MONO MIXER Independent level con- 
trol for each input and separate bass/treble controls. 
Input sensitivity: 240mV. 18V DC. PCB: 60mm x 
185mm 1052KT £16.95 

@ NEGATIVE\POSITIVE ION GENERATOR 
Standard Cockcroft-Walton multiplier circuit. Mains 
voltage experience required. 3057KT £10.95 

@ LED DICE Classic intro to electronics & circuit 
analysis. 7 LED's simulate dice roll, slow down & land 
on a number at random. 555 IC circuit. 3003KT £9.95 
@ STAIRWAY TO HEAVEN Tests hand-eye co-ordi- 
nation. Press switch when green segment of LED 
lights to climb the stairway - miss & start again! 
Good intro to several basic circuits. 3005KT £9.95 
@ ROULETTE LED ‘Ball’ spins round the wheel, 
slows down & drops into a slot. 10 LED's. Good intro 
to CMOS decade counters & Op-Amps. 3006KT 
£10.95 

@ 12V XENON TUBE FLASHER TRANSFORMER 
steps up a12V supply to flash a 25mm Xenon tube. 
Adjustable flash rate. 3163KT £13.95 

@ LED FLASHER 1 5 ultra bright red LED’s flash in 
7 selectable patterns. 3037MKT £5.95 

@ LED FLASHER 2 Similar to above but flash in 
sequence or randomly. Ideal for model railways. 
3052MKT £5.95 

@ INTRODUCTION TO PIC PROGRAMMING. 
Learn programming from scratch. Programming 
hardware, a P16F84 chip and a two-part, practical, 
hands-on tutorial series are provided. 3081KT 
£21.95 

@ SERIAL PIC PROGRAMMER for all 8/18/28/40 
pin DIP serial programmed PICs. Shareware soft- 
ware supplied limited to programming 256 bytes 
(registration costs £14.95). 3096KT £10.95 

@ ATMEL 89Cx051 PROGRAMMER Simple-to- 
use yet powerful programmer for the Atmel 
8901051, 89C2051 & 89C4051 uC’s. Programmer 
does NOT require special software other than a 
terminal emulator program (built into Windows). 
Can be used with ANY computer/operating sys- 
tem. 3121KT £24.95 

@ 3V/1.5V TO 9V BATTERY CONVERTER Replace 
expensive 9V batteries with economic 1.5V batter- 
ies. IC based circuit steps up 1 or 2 ‘AA’ batteries to 
give 9V/18mA. 3035KT £5.95 

@ STABILISED POWER SUPPLY 3-30V/2.5A 
Ideal for hobbyist & professional laboratory. Very 
reliable & versatile design at an extremely reason- 
able price. Short circuit protection. Variable DC 
voltages (3-30V). Rated output 2.5 Amps. Large 
heatsink supplied. You just supply a 24VAC/3A 
transformer. PCB 55x112mm. Mains operation. 
1007KT £16.95. 


@ STABILISED POWER SUPPLY 2-30V/5A As kit 
1007 above but rated at 5Amp. Requires a 
24VAC/5A transformer. 1096KT £27.95. 

@ MOTORBIKE ALARM Uses a reliable vibration 
sensor (adjustable sensitivity) to detect movement 
of the bike to trigger the alarm & switch the output 
relay to which a siren, bikes horn, indicators or 
other warning device can be attached. Auto-reset. 
6-12VDC. PCB 57x64mm. 1011KT £11.95 Box 
2011BX £7.00 

@ CAR ALARM SYSTEM Protect your car from 
theft. Features vibration sensor, courtesy/boot light 
voltage drop sensor and bonnet/boot earth switch 
sensor. Entry/exit delays, auto-reset and adjustable 
alarm duration. 6-12V DC. PCB: 47mm x 55mm 
1019KT £11.95 Box 2019BX £8.00 

@ PIEZO SCREAMER 110dB of ear piercing noise. 
Fits in box with 2 x 35mm piezo elements built into 
their own resonant cavity. Use as an alarm siren or 
just for fun! 6-9VDC. 3015KT £10.95 

@ COMBINATION LOCK Versatile electronic lock 
comprising main circuit & separate keypad for 
remote opening of lock. Relay supplied. 3029KT 
£10.95 

@ ULTRASONIC MOVEMENT DETECTOR Crystal 
locked detector frequency for stability & reliability. PCB 
75x40mm houses all components. 4-7m range. 
Adjustable sensitivity. Output will drive external 
relay/circuits. 9VDC. 3049KT £13.95 

@ PIR DETECTOR MODULE 3-lead assembled 
unit just 25x35mm as used in commercial burglar 
alarm systems. 3076KT £8.95 

@ INFRARED SECURITY BEAM When the invisible 
IR beam is broken a relay is tripped that can be used 
to sound a bell or alarm. 25 metre range. Mains 
rated relays provided. 12VDC operation. 3130KT 
£12.95 

@ SQUARE WAVE OSCILLATOR Generates 
square waves at 6 preset frequencies in factors of 10 
from 1Hz-100KHz. Visual output indicator. 5-18VDC. 
Box provided. 3111KT £8.95 

@ PC DRIVEN POCKET SAMPLER/DATA LOG- 
GER Analogue voltage sampler records voltages 
up to 2V or 20V over periods from milli-seconds to 
months. Can also be used as a simple digital 
scope to examine audio & other signals up to 
about 5KHz. Software & D-shell case provided. 
3112KT £18.95 

@ 20 MHz FUNCTION GENERATOR Sauare, tri- 
angular and sine waveform up to 20MHz over 3 
ranges using ‘coarse’ and ‘fine’ frequency adjust- 
ment controls. Adjustable output from 0-2V p-p. A 
TTL output is also provided for connection to a 
frequency meter. Uses MAX038 IC. Plastic case 
with printed front/rear panels & all components 
provided. 7-12VAC. 3101KT £69.95 


Electronic Projects Lab 


Great introduction to electronics. Ideal for the budding electron- 
ics expert! Build a radio, burglar alarm, water detector, morse 

code practice circuit, simple computer circuits, and much more! 
NO soldering, tools or previous electronics knowledge required. 


Circuits can be built and unassembled repeatedly. 


Comprehensive 68-page manual with explanations, schematics 
and assembly diagrams. Suitable for age 10+. Excellent for 


schools. Requires 2 x AA batteries. 


Order Code EPLO30 ONLY £14.95 (phone for bulk discounts). 


130, 300 and 500-in-ONE also available. 
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Secure Online Ordering Facilities 
Full Kit Listing, Descriptions & Photos 
Kit Documentation & Software Downloads 
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New from FED — 18 Flash series support and chips 


18F452 now supported in our C Compiler, WIZ-C, WIZ-ASM Development board and programmer 
WIZ-C Compiler including support for 18F452 and 16F877 
What is the WIZ-C Rapid Application Environment? 


re een | 


e Our PIC C compiler including a new front end Hy az) SI SS) Sy SI al 

e = An application designer for the FED PIC C Compiler | a ee Td veaneiray_| marco 

e _— Drag a software component onto your design & set up the _2eseer | row ron FE — ms 
parameters using check boxes, drop down boxes and edit boxes ome eens eee a! Ps —" 
(see shot right) Seid Hew _— a= my | power 


e Connect the component to the PIC pins using the mouse 
e Select your own C function to be triggered when events occur 
(e.g. Byte received, timer overflow etc.) 


/(www.fored.co.uk 


e Generate the base application automatically and then add your eT nesn0e 
own functional code in C or assembler noes 
e Simulate, Trace at up to 10x the speed of MPLAB — 
e Supports 14/16 bit core PICS =a = 
e 16F87x, 16C55x, 16C6x, 16F8x, 16C7xx, 18Cxx, 18Fxx etc. y —— 
@ CCompiler designed to ANSI C Standards 
Prices 
= Professional Version Enhancements WIZ — C Standard — £70.00, 
to our C Compiler and WIZ-C Rapid Application Environment Professional £100.00. Upgrade for 


existing WIZ-C owners £30.00 


e Manage and simulate multiple projects together PIC C Compiler Standard — £60.00 

e Connect PIC pins across projects to allow simulated devices to communicate Professional £90.00. Upgrade for , 

@ Handle assembler and C projects existing Compiler owners £30.00 

@ View and inspect variables in native C format Other upgrade options are 

e@ Inspect all local variables and their values in native C format available together with reduced 

e Maintain a history within simulation to back track and determine the past leading price bundled packages — see 
up to an event our web site for details 


Other products supporting 18F452 and 16F877 


Development Board PIC 
e Handles 40 pin PIC devices including Programmer 
18F452 and 16F877 including 
e Includes on board Bia ebay —no 18Cxxx and 
separate programmer require 
18F8xxx 


e 4 LED’s on board, Analogue on trimpot, 
2 duplex serial ports 
e 1A 5V regulator 
e 20MHz crystal 
e Interfaces for LCD, hex keypad, 32 I/O pins 
on IDC connectors 
e Will run FED PIC BASIC (included on CD) 
e 12C EEPROM socket 16F8X, 12C50x, 
Price — £45.00 Built and Tested. 16F877-20P 12C67x, 16C72X, Also In-Circuit programming. Operates 
£6.00, 18F452 £8.00, CD with BASIC & PIC14000, 16F87X, on PC serial port. 
Programmer Applications £5.00 18Cxxx, 18Fxxx etc Price: £45/Kit £50/Built & Tested 


Handles serially 
programmed PIC 
devices in a 40 pin 
multi-width ZIF 
socket. 16C55xX, 
16C6X, 116F62x, 
6C7X, 16C8x, 


In Circuit Debugger PIC Chips 
In Circuit Debugging is a technique where a_| PIC 16F877-20P, £6.00, 20MHz, 384 bytes RAM, 8K Wrd ROM 
monitor program runs on the PIC in the appli- | pic 18F452, 40MHz, £8.00 1500 bytes RAM, 16K Wrd ROM, 
oe ee board eh ne New 18 series architecture with flat memory address space, 3 
and to the sFFOMally OF OUr applied timers, 2 Capture compare registers, various serial interfaces, 


tions it is then possible to set breakpoints on ; : ; 
the PIC, run code, single step, oe regis- Parallel peripheral interface, 32 general purpose I/O pins, Flash 


y ters on the real device and change their val- reprogrammable in circuit. Supported by all our tools and the 
ues. The ICD makes debugging real time free Microchip development system - MPLAB 
applications faster, easier and more accurate 
than simulation tools available for the PIC. Other products 
e@ Only £30.00, requires a copy of WIZASM, | FED also supply development systems for PIC and AVR in 
WIZ-C or our C Compiler applications. assembler and C. Please see our web site for further details. 


Operates with 16F87x to emulate most 
14 bit core chips, 18F support coming 
soon ! 


Forest Electronic Developments 01590-681511 (Voice/Fax) ee 2ROCARG 
12 Buldowne Walk, Sway,LYMINGTON, HAMPSHIRE, S041 6DU. VISA Mastarene 
Email - info@fored.co.uk, or sales @fored.co.uk =n 

Web Site - http://www.fored.co.uk 

Prices - UK/Europe, please add VAT at 17.5%. Add £3.00 for P&P and handling to each 
order. Cheques/POs payable to Forest Electronic Developments, phone with credit card or 
Switch details, or use our secure web site for online ordering with credit card. 
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ELECTRONICS 


Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 


E-mail: sales @ magenta2000.co.uk 
LTD 


EE245 135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 


All Prices include V.A.T. ADD £3.00 PER ORDER P&P. £6.99 next = 


MAIL ORDER ONLY @ CALLERS BY APPOINTMENT 


EPE MICROCONTROLLER 


P.I. TREASURE HUNTER 
The latest MAGENTA DESIGN -— highly 
stable & sensitive — with |.C. control of all 
timing functions and advanced pulse 
separation techniques. 
@ High stability 

drift cancelling 
e Easy to build 

& use 
@ No ground 
effect, works 
in seawater 


@ Detects gold, 
silver, ferrous & 
non-ferrous 
metals 


@ Efficient quartz controlled 
microcontroller pulse generation. 

e Full kit with headphones & all 
hardware 


KIT 847 


PORTABLE ULTRASONIC 
PEsT SCARER 


A powerful 23kHz ultrasound generator in a 
compact hand-held case. MOSFET output drives 
a special sealed transducer with intense pulses 
via a special tuned transformer. Sweeping 
frequency output is designed to give maximum 
output without any special setting up. 


KIT 842... .ccecteeeesees £22.56 


DEVELOPMENT 


68000 


TRAINING KIT 


e@ NEW PCB DESIGN 

© 8MHz 68000 16-BIT BUS 

@ MANUAL AND SOFTWARE 

e@ 2 SERIAL PORTS 

@ PIT AND I/O PORT OPTIONS 
e@ 12C PORT OPTIONS 


KIT 621 
m £99.95 


e ON BOARD 

5V REGULATOR 

e PSU £6.99 

e SERIAL LEAD £3.99 


Stepping Motors 


MD38...Mini 48 step...£8.65 
MD35...Std 48 step...£9.99 | 
MD200...200 step...£12.99 
MD24...Large 200 step...£22.95 


MOSFET MkII VARIABLE BENCH 
POWER SUPPLY 0-25V 2-5A 


Based on our Mk1 design and 
preserving all the features, but 
now with — switchin pre- 
regulator for much higher effi- 
ciency. Panel meters indicate 
Volts and Amps. ly variable 
down to zero. Toroidal mains 
transformer. Kit includes 
punched and printed case and 
all parts. As featured in April 
1994 EPE. An essential piece 
of equipment. 


PIC PIPE DESCALER 


e SIMPLE TO BUILD @ SWEPT 

e@ HIGH POWER OUTPUT FREQUENCY 
e@ AUDIO & VISUAL MONITORING 
An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave. 

Kit includes case, P.C.B., coupling 
coil and all components. 

High coil current ensures maximum 


effect. L.E.D. monitor. 
KIT 868 ....... £22.95 POWER UNIT......£3.99 


MICRO PEsT 
SCARER 


Our latest design — The ultimate 
scarer for the garden. Uses 
special microchip to give random 
delay and pulse time. Easy to 
build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. uses power source 
from 9 to 24 volts. 

e RANDOM PULSES 

e HIGH POWER 

e DUAL OPTION 


Plug-in power supply £4.99 


KIT 867 csscesiecaged cicanceesieiees £19.99 
KIT + SLAVE UNIT.................045 £32.50 
WINDICATOR 


A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing head. 
Mains power unit £5.99 extra. 


UT BSG ase sie oso e calaiwinon acm enw mre recaalneced £28.00 


*% TENS UNIT * 


DUAL OUTPUT TENS UNIT 
As featured in March ‘97 issue. 
Magenta have prepared a FULL KIT for this. 
excellent new project. All components, PCB, 
hardware and electrodes are included. 
Designed for simple assembly and testing and 
providing high level dual output drive. 


KIT 866. . Full kit including four electrodes £32.90 


4 spare 


electrodes 
£6.50 


TEACH-IN 
2000 


Full set of top quality NEW 
components for this educa- 
tional series. All parts as 
specified by EPE. Kit includes 
breadboard, wire, croc clips, 
pins and all components for 
experiments, listed in 
introduction to Part 1. 

*Batteries and tools not included. 


TEACH-IN 2000 - 
KIT 879 £44.95 
MULTIMETER £14.45 


SPACEWRITER 


An innovative and exciting project. 

Wave the wand through the air and 

your message appears. Programmable 

to hold any message up to 16 digits long. 
Comes pre-loaded with “MERRY XMAS”. Kit 
includes PCB, all components & tube plus 
instructions for message loading. 


KIT 849 


12V EPROM ERASER 


A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 
12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV. 


KIT 790 ............. £29.90 


1000V & 500V INSULATION 
TESTER 


Superb new design. Regulated 
output, efficient circuit. Dual-scale 
meter, compact case. Reads up to 
200 Megohms. 

Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components. 


KIT 848............ £32.95 


SUPER BAT 
DETECTOR 


1 WATT O/P, BUILT IN 
SPEAKER, COMPACT CASE 
20kHz-140kHz 
NEW DESIGN WITH 40kHz MIC. 


A new circuit using a 


‘full-bridge’ audio 

amplifier i.c., internal 

speaker, and 
headphone/tape socket. 

The latest sensitive 
transducer, and ‘double 
balanced mixer give a 

stable, high perform- 

ance superheterodyne design. 


KIT 861 


ALSO AVAILABLE Built & Tested. . . £39.99 


EPE 
PROJECT 
PICS 


Programmed PICs for 
all* EPE Projects 
16C84/18F84/16C71 
All £5.90 each 
PIC16F877 now in stock 
£10 inc. vAT & postage 
(‘some projects are copyright) 


TO HUMANS 


ULTRASONIC PEsT SCARER 


Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children’s play areas, 
patios etc. This project produces 
intense pulses of ultrasound which 
deter visiting animals. 


e KIT INCLUDES ALL 
COMPONENTS, PCB & CASE 

e EFFICIENT 100V 
TRANSDUCER OUTPUT 

e@ COMPLETELY INAUDIBLE 


KIT 812...... 
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SIMPLE PIC PROGRAMMER 
INCREDIBLE LOW PRICE! Kit 857 £12.99 


Power Supply £3.99 


EXTRA CHIPS: 
PIC 16F84 £4.84 


INCLUDES 1-PIC16F84 CHIP 
SOFTWARE DISK, LEAD 
CONNECTOR, PROFESSIONAL 
PC BOARD & INSTRUCTIONS 


Based on February ’96 EPE. Magenta designed PCB and kit. PCB 
with ‘Reset’ switch, Program switch, 5V regulator and test L.E.D.s, 
and connection points for access to all A and B port pins. 


PIC 16C84 DISPLAY DRIVER 
Kit 860 £19.99 


Power Supply £3.99 


FULL PROGRAM SOURCE CODE 
SUPPLIED — DEVELOP. 
YOUR OWN APPLICATION! 


INCLUDES 1-PIC16F84 WITH DEMO 
PROGRAM SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 16-CHARAC- 
TER 2-LINE 

LCD DISPLAY 


Another super PIC project from Magenta. Supplied with PCB, industry standard 2-LINE x 
16-character display, data, all components, and software to include in your own programs. 
Ideal development base for meters, terminals, calculators, counters, timers — Just waiting 
for your application! 


PIC 16-84 MAINS POWER 4-CHANNEL 
CONTROLLER & LIGHT CHASER 


WITH PROGRAMMED 16F84 AND DISK WITH 
SOURCE CODE IN MPASM 
ZERO VOLT SWITCHING 
MULTIPLE CHASE PATTERNS 
OPTO ISOLATED 

5 AMP OUTPUTS 

12 KEYPAD CONTROL 
SPEED/DIMMING POT. 
HARD-FIRED TRIACS 


Kit 855 £39.95 
8-CHANNEL DATA LOGGER 


As featured in Aug./Sept. 99 EPE. Full kit with Magenta 

redesigned PCB — LCD fits directly on board. Use as Data 

Logger or as a test bed for many other 16F877 projects. Kit 

includes programmed chip, 8 EEPROMs, PCB, case and all components. 


KIT 877 £49.95 inc. 8 x 256K EEPROMS 


ICEBREAKER 
obooooooo000 


Now features full 4-channel chaser 
software on DISK and pre- 
programmed PIC16F84 chip. Easily 
re-programmed for your own applica- 
tions. Software source code is fully 
‘commented’ so that it can be 
followed easily. 


LOTS OF OTHER APPLICATIONS 


PIC Real Time 
In-Circuit Emulator 


@ Icebreaker uses PIC16F877 in circuit debugger 

@ Links to Standard PC Serial Port (lead supplied) 

@ Windows = (95+) Software included 

@ Works with MPASM and MPLAB Microchip software 

@ 16x 2L.C.D., Breadboard, Relay, I/O devices and patch leads supplied 

As featured in March ’00 EPE. Ideal for beginners AND advanced users. 

Programs can be written, assembled, downloaded into the microcontroller and run at full 
speed (up to 20MHz), or one step at a time. 

Full emulation means that all I/O ports respond exactly and immediately, reading and 
driving external hardware. 

Features include: Reset; Halt on external pulse; Set Breakpoint; Examine and Change 
registers, EEPROM and program memory; Load program, Single Step with display of 
Status, W register, Program counter, and user selected ‘Watch Window’ registers. 


KIT 900 .. . £34.99 


POWER SUPPLY £3.99 STEPPING MOTOR £5.99 


Fax: 01283 546932 


Tel: 01283 565435 
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KIT 880 .. . £34.99 with 16F 84... £39.99 with 16F877 


EPE PIC TOOLKIT 3 


THE LATEST TOOLKIT BOARD - 8, 18, 28 AND 40-PIN CHIPS 
MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT AND EXTRAS 
L.C.D., BREADBOARD AND PIC CHIP INCLUDED 

ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED 


PIC TOOLKIT V2 


SUPER UPGRADE FROM V1 e 18, 28 AND 40-PIN CHIPS 
READ, WRITE, ASSEMBLE & DISASSEMBLE PICS 
SIMPLE POWER SUPPLY OPTIONS 5V-20V 

ALL SWITCHING UNDER SOFTWARE CONTROL 
MAGENTA DESIGNED PCB HAS TERMINAL PINS AND 
OSCILLATOR CONNECTIONS FOR ALL CHIPS 

INCLUDES SOFTWARE AND PIC CHIP 


KIT 878 .. . £22.99 with 16F84 ... £29.99 with 16F877 


EPE PIC Tutorial 


At last! A Real, Practical, Hands-On Series 


e Learn Programming from scratch using PIC16F84 
e Start by lighting l.e.d.s and do 30 tutorials to 


Sound Generation, Data Display, and a Security 
System. 


e PIC TUTOR Board with Switches, I.e.d.s, and on 


board programmer 


PIC TUTOR BOARD KIT 

Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF Socket or 
Displays). Included with the Magenta Kit is a disk with Test 
and Demonstration routines. 


KIT 870 .... £27.95, Built & Tested .... £42.95 
Optional: Power Supply — £3.99, ZIF Socket — £9.99 
LCD Display £7.99 LED Display 

Reprints Mar/Apr/May 98 — £3.00 set 3 


SUPER PIC PROGRAMMER 


READS, PROGRAMS, AND VERIFIES 
WINDOWS® SOFTWARE 

PIC16C6X, 7X, AND 8X 

USES ANY PC PARALLEL PORT 

USES STANDARD MICROCHIP e HEX FILES 

OPTIONAL DISASSEMBLER SOFTWARE (EXTRA) 

PCB, LEAD, ALL COMPONENTS, TURNED-PIN 

SOCKETS FOR 18, 28, AND 40 PIN ICs 

e SEND FOR DETAILED | Kit 862 £29.99 
INFORMATION — A ——— 
SUPERB PRODUCT AT Power Supply £3.99 

AN UNBEATABLE LOW DISASSEMBLER 

PRICE. SOFTWARE £11.75 


PIC STEPPING MOTOR DRIVER 


Kit 863 £18.99 


FULL SOURCE CODE SUPPLIED 
ALSO USE FOR DRIVING OTHER 
POWER DEVICES e.g. SOLENOIDS 


INCLUDES PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISC, 
INSTRUCTIONS 
AND MOTOR. 


Another NEW Magenta PIC project. Drives any 4-phase unipolar motor — up 
to 24V and 1A. Kit includes all components and 48 step motor. Chip is 
pre-programmed with demo software, then write your own, and re-program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory. 


All prices include VAT. Add £3.00 p&p. Next day £6.99 


E-mail: sales @ magenta2000.co.uk 
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Our focus in EPE is often on security and electronics can be helpful in this respect — it 
can also help the criminals, but more of that later. In this issue we present the EPE Minder, 
a fairly simple radio alarm system that can tell you if your possessions or even your chil- 
dren/pets etc. stray away from you. The system has a multitude of uses and we hope it can 
help to prevent crime as well as providing a reminder to pick up your briefcase or coat. 

Just one word or warning, this system is not fail-safe or foolproof and, whilst it should 
normally operate correctly, please do not rely on it for the safety of your family or valuables. 
It is an excellent back-up for the normal, sensible security precautions that everyone should 
be aware of in this day and age. 


CARD SECURITY 


Whilst electronics is a wonderful thing and modern society simply could not operate with- 
out it, it does sometimes help criminals to secure goods or services fraudulently and, I guess 
along with many other companies, we have suffered from this problem. It is all too easy for 
anyone to use someone else’s credit card number to obtain goods illegally or of course to 
use stolen cards. Fortunately the major credit card companies are continually improving 
security to prevent this crime. 

Why am I telling you what you probably already know? Well the information we will 
need from you if you order by credit card in future has now increased. In addition to the 
usual card number and card expiry date we will now also need a Card Security Code — this 
code appears on or just below the signature strip on credit cards, it is the last three digits of 
the number shown there. In general the full number is the card number plus the three digit 
security code, or the last four digits of the card number plus the security code. What we will 
need are those last three digits. 

As an additional check our terminal will also now verify the postcode and house number 
of the card holder, so security will be further enhanced. It’s good news for all law abiding 
customers and hopefully bad news for those who think it is OK to steal from others. 
Unfortunately certain individuals tend to take advantage at this busy time of the year. 


GREETINGS 


Finally the season’s greeting to all our readers, a happy, peaceful and prosperous new year 
from everyone at Wimborne Publishing Ltd. 
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AVAILABILITY SUBSCRIPTIONS 


Copies of EPE are available on subscription anywhere 
in the world (see opposite), from all UK newsagents 
(distributed by COMAG) and from the following 
electronic component retailers: Omni Electronics and 
Yebo Electronics (S. Africa). EPE can also be pur- 
chased from retail magazine outlets around the world. 
An Internet on-line version can be purchased and 
downloaded for just $9.99US (approx £7) per year avail- 
able from www.epemag.com 


Subscriptions for delivery direct to any address in the 
UK: 6 months £15.50, 12 months £29.50, two years 
£54; Overseas: 6 months £18.50 standard air service or 
£27.50 express airmail, 12 months £35.50 standard air 
service or £53 express airmail, 24 months £66 standard 
air service or £101 express airmail. 

Online subscriptions, for downloading the magazine via 
the Internet, $9.99US (approx £7) for one year available 
from www. opened: .com. 

Cheques or bank drafts (in £ sterling only) payable to 
Ever, Mal Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. 
Fax: 01202 874562. Email: subs @ epemag.wimborne.co.uk. 
Also via the Web at: http:/Avww.epemag.wimborne.co.uk. 
Subscriptions start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Switch or Visa. (For past 
issues see the Back Issues page.) 


BINDERS 

Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £6.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
delivery — more for overseas. 


Payment in £ sterling only please. Visa, Amex, Diners 
Club, Switch and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig- 
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus- 
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate. 
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See notes on Readers’ Technical Enquiries below — we regret 
lengthy technical enquiries cannot be answered over the tele- 
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Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER 
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Advertisement Copy Controller: 
PETER SHERIDAN, (01202) 873872 
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CLIVE (MAX) MAXFIELD and ALVIN BROWN 


READERS’ TECHNICAL ENQUIRIES 

E-mail: techdept @ epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a_ self- 
addressed envelope and international reply 
coupons. 


PROJECTS AND CIRCUITS 

All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it. 

A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor. 


COMPONENT SUPPLIES 

We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue. 


ADVERTISEMENTS 

Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable 
that advertisements are bona fide, the maga- 
zine and its Publishers cannot give any under- 
takings in respect of statements or claims 
made by advertisers, whether these advertise- 
ments are printed as part of the magazine, or 
in inserts. 

The Publishers regret that under no circum- 
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture. 


TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT 

We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws. 


11 


Constructional Project 


MINDER 


TERRY de VAUX-BALBIRMIE =" 


Looks after your personal belongings - 
maybe even your children! 


Te EPE Minder consists of two type- 
approved transmitter units and a 
receiver. If either transmitter 
becomes separated from the receiver, a 
buzzer in the latter part will sound. The 
receiver is fitted with a switch to allow the 


use of only one transmitter if required. 


MIND HOW YOU GO 


This system was originally designed as 
a two-channel child alarm (to protect either 
a single child or two children at the same 
time) but many other applications spring to 
mind. For example, one transmitter could 
be placed inside a briefcase and another in 
a coat pocket. If the user forgot to pick up 
either of these items and walked away, the 
buzzer would sound in the receiver. 

The receiver must be carried on the per- 
son in a way that would make it practical- 
ly impossible to lose it. This could be done 
using a belt clip, for example. Note that it 
will not be possible to use this system if 
either the transmitter or receiver were 
placed inside metal containers or if there 
were substantial metallic “screening” 
objects between them. 


OPERATING RANGE 


The operating range may be adjusted 
according to the intended purpose. 
However, it does depend on conditions. 


Adjustment is carried out by means of 
“aerial link wires” on the circuit panels. 

With all these in place, the range of the 
prototype exceeds 12 metres in open air. It 
will also work throughout several rooms 
indoors if required. 

If the battery voltage in either transmit- 
ter or receiver falls below a certain value, 
or if a transmitter is switched off, a buzzer 
will sound. The specified batteries in the 
transmitters should provide several hun- 
dred hours of operation. Those in the 
receiver should provide around 100 hours. 


PERSONAL CODE 

The EPE Minder uses a system of digi- 
tally encoded low-power radio signals, 
which pass from the transmitters to the 
receiver. The code is different for each 
transmitter so that the receiver is able to 
distinguish one from the other. 

Type-approved, pre-aligned transmitter 
and receiver modules that operate at 
433MHz. are used. No traditional “radio” 
skills are needed and no licence is needed 
for their use in the UK. 


SIDE ISSUE 


The manufacturer of the transmitter 
modules can find no published data on 
the effect on humans of radio waves at a 
power of less than 1OmW. It is claimed 


CODE 
INPUTS 


(SEE TEXT) 


CODE INPUTS 
[| ov 


BE Bie Ela 


that there is more r.f. energy released 
from the average TV or PC and that the 
433MHz frequency band has been used 
for “wireless” remote controls for more 
than 10 years with no known adverse 
effects. 

It would appear that the use of this sys- 
tem to protect children is safe in view of 
the very small power involved. Teenagers 
use mobile phones for long periods and 
these operate at a higher frequency and 
power level. Also, the source is placed 
close to the brain. However, cautious 
constructors may choose to avoid this 
application. 


TRANSMITTER CIRCUIT 


The circuit diagram for a single trans- 
mitter unit is shown in Fig.1. Current is 
supplied to the circuit from a 3V “coin” 
cell, Bl, via on-off switch S2 and diode 
D1. The diode provides reverse-polarity 
protection. 

It is best to use the specified Schottky 
device which introduces a smaller forward 
voltage drop, and therefore less loss, than a 
conventional silicon diode (0-2V rather 
than 0-7V approximately). Capacitor C2 
provides a small reserve of energy and pre- 
vents the supply voltage from fluctuating. 
This stabilises operation. 

A low power 7555 timer, ICI, is set up 
in a standard astable (pulse generator) con- 
figuration. While switched on, this pro- 
duces a continuous train of on-off pulses at 
its output, pin 3. 


D1 
4Ns817 LON/OFF 
kj a 


SEE TEXT FOR AERIAL 
ARRANGEMENTS 


IC3 
AM-RT4-433 


Fig.1. Completed circuit diagram for the 433MHz Transmitter. 
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The choice of resistors Rl, R2 and 
capacitor Cl provide one pulse per second 
for one of the transmitters (Unit A) and one 
pulse every 1-2 seconds for the other one 
(Unit B). In fact, the timings are slightly 
longer but it helps to consider them as 
above. 

Also, the on times are much longer than 
the off ones in each case. The purpose of 
this will be explained presently. 


CODED MESSAGE 


The section of the transmitter circuit 
associated with producing the digital code 
is based on encoder device, IC2. The code 
comprises a 12-bit “word” (a string of 
twelve on-off pulses). Its composition is 
determined by the logic states of pins 1 to 
8 and pins 10 to 13 (labelled “Code 
Inputs”). A high state (positive supply volt- 
age) applied here (or leaving the pin 
unconnected) produces a logic “1” while a 
low state (OV) gives a logic “0”. 

A 4-way d.i.l. switch SI (Sla to S1d), 
applies a set of pre-arranged logic states to 
pin | to pin 4 respectively (that is, the first 
four bits of the code) — closing a switch 
connects that pin to OV and provides logi- 
cal “0” while leaving it open gives a “1”. 

There are, therefore, 16 possible codes 
and, since this is ample, the rest of the code 
pins are connected to OV (giving zeros). An 
example of a code is: 

101100000000 

The resulting information (code) is sent 
serially from IC2 pin 17 (Data Out) but 
only when pin 14 (transmit enable or TE) is 
made low. This will happen on each short 
“off” state of IC1 output, pin 3. In the time 
available, the data can be transmitted sev- 
eral times. If the pulse is interrupted in the 
middle of the stream, the word finishes 
before it stops. 


N.B. THE MARK:SPACE RATIO PULSES OCCUR TOGETHER 
IS NOT SHOWN TO SCALE EVERY SIX SECONDS 


—~ (DNL 


OP ees (SCs vd) 


Fig.2. Timing pulses for the two trans- 
mitters, A and B. 


Each transmitter therefore provides 
short pulses of data. If the signals were to 
be transmitted from the two units continu- 
ously, the receiver would gather garbled 
data and would probably not respond to 
either. 

However, by sending the data in short 
bursts, most of the time there will be a clear 
gap between that sent by each transmitter. 
It also greatly reduces the average current 
requirement and extends battery life. 


TIME PERIODS 


The time periods of the two transmitters 
A and B have been made significantly dif- 
ferent (approximately 1 sec. and 1-2 secs. 
respectively) by using different values for 
R1 and R2. The reason for this will become 
apparent by referring to Fig.2. 


EPE Minder Receiver (top) and two Transmitter units. These models incorporate 
type-approved, pre-aligned, 433MHz transmitter and receiver modules. No operat- 


ing licence is required in the UK. 


Note that this system must be 
regarded as providing secondary 
protection only. It does not reduce 


the user’s obligation to exercise care 
and vigilance in looking after his or 
her children, pets, property etc. 


It will be seen that the two sets of data 
will only be given simultaneously every six 
seconds. Only during this time will the 
receiver pick up conflicting information. 
However, this has been designed to “hold 
off’ operation for some three seconds so 
any conflicts have no effect. If the time 
periods of the two transmitters were made 
nominally the same, there could be long 
periods of overlapping data before the 
pulses fell out of step again. Because of the 
“hold-off’, the buzzer will take a short 
time to respond but this is usually of no 
consequence. 

Returning to the transmitter circuit 
Fig.l, encoder IC2 pin 15 and pin 16 
(OSCI and OSC2) need a resistor (R3) 
connected between them. This controls the 
frequency of the on-chip oscillator and 
this, in turn, determines the rate at which 
information is processed. 


SUPPLY VOLTAGE 


The specified transmitter module, IC3, 
requires a supply voltage of between 2V 
and 14V applied to pin 1. Pin 2 is connect- 
ed to “earth” (OV). Data arriving from IC2 
pin 17 is fed to pin 3 (Data In) and pin 4 
(Ae) is connected to an external aerial (if 
this is needed). 

The transmitter module draws only a 
negligible current except while data is 
being given whereupon it rises to some 
4mA. Since the data stream is very short 
with long spaces between, the average cur- 
rent is only about 400uA. The current 
needed for ICI and IC2 amounts to some 
100uA, giving a total of around SO0UA 
for the entire unit. 
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COMPONENTS 


TRANSMITTER 


(two sets required) 


Resistors 
R1 5M6 for A; 6M8 for B 
(see text) 
R2 680k for A; 820k for B 


(see text) Ss 
R3 560k ee 
All 0-25W 5% bon fil SOP 
: ‘% carbon film. 
TALK 


Capacitors page 71 
220n ceramic 
10p radial elect. 25V 


Semiconductors 
D1 1N5817 Schottky diode 
IC1 7555 low power timer 
Ic2 HT12E encoder 
IC3 AM-RT4-433 a.m. 
transmitter module 


Miscellaneous 

S1 4-way d.i.|. switch 

$2 sub-min. right-angled 
slide switch, p.c.b. 
mounting 

Bi 3V 2032 lithium “coin” 
cell (20mm dia. x 
220mAh capacity) 


Printed circuit board available from the 
EPE PCB Service, code 378; plastic 
case, size 111mm x 57mm x 22mm 
approx; 8-pin i.c. socket; 18-pin i.c. sock- 
et; s.i.l. socket or pieces of d.i.l. socket 
for IC3 (see text); holder for coin cell 
(B1); small nylon fixings; solder etc. 


£18.00 


excl. case & batt. 


Approx. Cost 
Guidance Only 
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CONSTRUCTION - 
TRANSMITTER 


It is advisable to use the specified trans- 
mitter module. This needs no special set- 
ting up. Some types require considerable 
skill to achieve resonance. 

Construction of this section is based on a 
single-sided printed circuit board (p.c.b.) 
which covers a single Transmitter and needs to 
be repeated for the second unit. The 
Transmitter topside component layout and 
full-size underside copper foil track master are 
shown in Fig. 3. This board is available from 
the EPE PCB Service, code 378 (Trans.). Two 
of these are required for two transmitters. 

As described, everything is mounted on 
the p.c.b. Switch S2 (On-Off) could be 
placed off-board and hard wired to the cor- 
responding points on the p.c.b. if this is 
more convenient. 

Begin construction by drilling the fixing 
holes. Solder the link wires in position 
(leave just a little slack in the “Aerial link” 
to allow it to be cut later to reduce the 
range if this is found to be necessary). Add 
the battery holder and i.c. sockets. 

Use an i.c. socket for the transmitter 
module rather than soldering it directly to 
the board. Pieces cut from a dual in-line 
socket were used in the prototype unit. 
Follow with the 4-way d.i.l. switch S1 and 
On-Off slide switch $2. 

Solder all resistors and the capacitors in 
position, taking care over the polarity of 
electrolytic capacitor C2. Note particularly 


the different values for resistors Rl and R2 
depending on the transmitter unit (A or B). 
Identify the p.c.b.s by pencilling “A” in a 
free place on one of them and “B” on the 
other. 

Add diode D1 taking care over the ori- 
entation. DI may be replaced with a piece 
of wire if it is impossible to insert the bat- 
tery in the wrong sense. Decide on settings 
for d.i.l. switches Sla to Sid in each unit. 
It does not matter what the codes are as 
long as they are different. 


PRECAUTIONS 


Insert IC1, IC2 and transmitter module 
IC3 into their sockets taking care over their 
orientation. The (top view) pin-out details 
of IC3 are shown inset in Fig.3. 

Follow the usual anti-static precautions 
when handling all the i.c.s to avoid possi- 
ble damage. This is because they are 
CMOS devices which could be ruined by 
electrostatic charge on the body. It will be 
sufficient to touch something which is 
earthed, for example, a metal water tap 
before touching the pins. Do not insert the 
battery cells in their holder at this stage. 


MPT 1340 


W.T. LICENCE 
EXEMPT 


Licence exempt template. 


+ > 
7 a FT 
Ag/may) ee Ts db ale 
Belom i) oe ® 2 
7 ce) elise) i @ eertex 
De) ha |) [s) a a 
@)IC2\!@) Acfer__@PDATAIN 
Qa 
fe) 
ie i) R2"R1 (9) IC3 
C1} ? sie & 
cm <cp 9 Y 2 
Jun +v[el Telov 


RECEIVER CIRCUIT 


The complete circuit diagram for the 
Receiver section is shown in Fig.4. This 
draws approximately 3mA, so a more sub- 
stantial battery pack is needed than for a 
transmitter. While the buzzer WD1 is 
sounding, the current rises to some 6mA. 

The battery pack used in the prototype 
consists of four AAA size alkaline cells. If 
AA size cells could be accommodated 
inside the case, these would provide a dou- 
bling of operating time. 


ON THE RANGE 


Receiver module, IC1, requires a supply 
of between 4-5V and 5-5V. The 6V nomi- 
nal battery pack, Bl, is brought within 
range by the forward drop of diode DS 
(0:7V approx.) This diode also provides 
reverse-polarity protection. 

Capacitor C4 charges up and provides a 
small reserve of energy. This will be useful 
when the battery is nearing the end of its 
operating life. 

When the supply voltage falls below 
some 4V, the receiver stops working and 
the buzzer will sound. Below around 3V, 
the buzzer itself will not operate so it is 
important to check operation each time the 
units are used. 

Receiver IC1 should be of the a.m. 
(amplitude modulation) type as specified 
in the components list. As such, it will 
respond to the on-off pulses provided by 
the transmitter. The inexpensive super 


Completed Transmitter circuit board. 


3.2 x 2.0 in (82 x 51mm) 


IC3 
AM-RT4-433 14 cy4 
TOP VIEW 


Fig.3. Printed circuit board component layout and underside copper foil master pattern for a single Transmitter (two are 
required). The pinouts for the AM-RT4-433 a.m. transmitter module are shown above right. 
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Fig.4. Full circuit diagram for the Receiver. This circuit draws about 3mA, so a four-cell battery pack is needed. 


regenerative (rather than superhet) variety 
will be perfectly adequate. 

The low-power variants of these 
receivers have not been tested. Although 
for battery operation they would appear to 
be ideal, the standard type is more readily 
available. 

The receiver may be considered as hav- 
ing separate r.f. (radio frequency) and a-f. 
(audio frequency) sections. These have 
individual supply inputs (pins 1, 10, 12 and 
15 with some being duplicated). These are 
all connected together and decoupled using 
capacitor Cl. 


CODE BREAKING 


When information is detected by the 
receiver module (IC1), it is amplified and 
provided serially at pin 14 (Data Out). It is 
then applied to pin 14 (Data Input) of the 
pair of decoders IC2 and IC3. 

These decoders are set to respond to the 
same codes as those used in the transmit- 
ters by making IC2/IC3 pins 1 to 8 and pins 
10 to 13 either high or low in the same way. 
Each decoder will then be responsible for 
one transmitter — IC2 for Unit (Channel) A 
and IC3 for Unit (Channel) B. 

As with the transmitter, IC2/IC3 pins 1 
to 4 are set to either logical | or 0 using 
d.i.l. switches Sla to Sld (for IC2) and S2a 
to S2d (for IC3). All other code inputs are 
connected to OV. 

As before, OSC1 and OSC2 (pin 15 and 
pin 16) require resistors (RI and R2 
respectively) to be connected between 
them to control the frequencies of the inter- 
nal oscillators. These are set to some 50 
times that used in the transmitters. 


Incoming data is validated by IC2 and 
IC3 by checking it three times. If this is 
successful, pin 17 (Valid Transmission), 
goes high. Thus, IC2 pin 17 will provide 
short “on” bursts every one second in 
response to Transmitter A and IC3 pin 17 
will act similarly every 1-2 seconds for 
Transmitter B. 


HOLD-OFF 

Any warning signal must not be given 
during the “off” periods of IC2/IC3 pin 17. 
That is, it must not “think” that a transmit- 
ter has gone out of range because no signal 
is received during this time. 

It must also “smooth over” any sets of 
conflicting data arriving every six sec- 
onds or thereabouts. It is therefore neces- 
sary to provide some means of holding 
off operation for a short time, say, three 
seconds. 

Only the action of IC2 will be consid- 
ered for the moment because IC3 behaves 
in exactly the same way. While IC2 pin 17 
is high, current flows through resistor R3 
and diode D1 to charge capacitor C3. This 
reaches virtually supply voltage almost 
instantaneously. 

While pin 17 is low, diode D1 is reverse- 
biased and capacitor C3 cannot discharge 
back into the decoder i.c. However, it is 
given a controlled discharge path through 
fixed resistor R6 and preset VR2. The 
repeated on states keep C3 topped up. 

When conflicting data is received, C3 
misses a “topping up” pulse and the volt- 
age across it falls. Preset VR2 is adjusted 
so that it does not drop below one-third of 
supply voltage (nominally 2V) when this 
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happens. When data is missing for a suffi- 
ciently long time (due to the transmitter 
being out of range or switched off) the 
voltage across capacitor C3 falls below the 
2V point. 


VOLTAGE LEVELS 


The voltage across C3 is applied to the 
inverting input of one section of dual 
op.amp IC4 (IC4a pin 2). The corre- 
sponding non-inverting input (pin 3) is 
held at approximately one-third of sup- 
ply voltage (nominally 2V) by the poten- 
tial divider action of fixed resistors R9 
and R10. 

Thus, the voltage at IC4a pin 2 will 
normally exceed that at pin 3 and IC4a 
output (pin 1) will be /ow. When the 
transmitter is out of range, the voltage at 
pin 2 soon falls below that at pin 3 so the 
op.amp will switch on with output pin | 
going high. Positive feedback applied 
through resistor R11 sharpens this 
switching action. 

Providing the Single Channel switch S3 is 
closed, current will enter transistor TR1 base 
(b) though diode D3 and resistor R13. Buzzer 
WD1 in its collector circuit then sounds. 


MISSING LINK 


The same situation arises with decoder 
IC3 and the other section of dual op.amp 
IC4 (IC4b) in response to Transmitter B. 
Providing the “Test link” is in place, tran- 
sistor TR1 will turn on with current enter- 
ing the base via diode D4 and resistor R13. 
The result is that either transmitter signal 
failing (or both failing) will cause buzzer 
WD1 to sound. 
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3.6 x 2.6 in (90 x 65mm) 


Fig.5. Receiver printed circuit board component 


layout and full-size copper foil master. The AM- 
HRR3-433 a.m. receiver module pinout details are 
shown below. 


AM-HRR3-433 
(COMPONENT SIDE) 


10 11 12 13 14 15 


COMPONENTS 


RECEIVER 
See 


SlOP 
TALK 


page 71 


Resistors 


R1, R2 39k (2 off) 
R3, R4, R13 5k6 bee 
R5, R6 1M eon 
R7, RQ 220k (2 off) 
R8,R10 —-100k (2 off) 
R11,R12 47 (2 off) 


All 0-25W 5% carbon film. 
Potentiometers 


VR1, VR2 10M min. carbon preset, 
vertical (2 off) 


Capacitors 


47n ceramic 
470n ceramic (2 off) 
220u radial elect. 16 V 


Semiconductors 
D1 to D4 1N4148 signal diode 
(4 off) 
1N4001 50V 1A rect. 
diode 
2N3904 npn transistor 
AM-HRR3-433 a.m. 
receiver or similar 
433MHz receiver 
module 
HT12F decoder (2 off) 
TS932 micropower dual 
op.amp 


D5 


IC2, IC3 
IC4 


Miscellaneous 
Si, $2 4-way d.i.l. switch 
(2 off) 
8V to 24V d.c. solid-state 
buzzer, operation 
10mA maximum 
1-5V AAA alkaline cells 
(4 off), with holder and 
connector (see text) 
sub-min. right-angled 
slide switch, p.c.b. 
mounting (2 off) 


WD1 
B1 


$3, S4 


Printed circuit board available from the 
EPE PCB Service, code 379 (Rec); 
plastic case, size 143mm x 82mm x 
30mm approx. (external); s.i.l. socket (or 
pieces of d.i.l. socket (see text); 18-pin 
d.il. holder (2 off); 8-pin d.i.l. socket; 
small nylon fixings; solder etc. 


£28.00 


excl. case & batts. 


Approx. Cost 
Guidance Only 


Table 1: Receiver Pinout Functions 


Pin No Pin No 
1 R.F. supply +V 9 non-existent 
2 R.F. OV 10 AF supply +V 
3 Data In (Aerial) 11 A.F. OV 
4 non-existent 12 AF supply +V 
5 non-existent 13 Test point (not used) 
6 non-existent 14 Data Out 
7 R.F. OV 15 AF supply +V 
8 non-existent 
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If the Single Channel switch S3 is open, 
the signal from [C4a output is interrupted 
and the circuit will work only in response 
to Transmitter B. The Test Link allows 
each circuit section to be operated inde- 
pendently so that they may be tested and 
adjusted separately. 


CONSTRUCTION - 
RECEIVER 


Construction of the Receiver unit is also 
based on a single-sided printed circuit 
board (p.c.b.). The topside component lay- 
out and full-size underside copper foil 
track master are shown in Fig. 5. This 
board is available from the EPE PCB 
Service, code 379 (Rec.). 

Begin construction by soldering the link 
wires (4 off) in place. In the case of the 
Aerial link, leave a little slack for it to be 
cut later if necessary. For the Test link, use 
two short pieces of bare wire, which may 
be twisted together to make the connection 
later. 

Follow with the sockets for IC1 to IC4. 
Receiver module IC1 has its pins arranged 
in s.il. (single in-line) format. This is 
shown inset in Fig.5. Use pieces of i.c. 
socket for this rather than soldering it 
directly to the p.c.b. 

The functions of the various pins in the 
Receiver module used in the prototype are 
shown in Table 1. Referring again to the 
pinout details in Fig.5, it will be seen that 
spaces are left on the i.c. where non-exis- 
tent pins could be. 

If using a different receiver to that spec- 
ified, you are likely to find that the pin-out 
follows the same standard. However, this 
point should be checked before purchasing. 
In some units, further pins are missing but 
this should not matter because several of 
them are duplicated. 


CODE SWITCHES 

Solder the two banks of 4-way d.i.l. 
switches (Sla to Sld and S2a to S2d) in 
position also switches S3 (Single Channel) 
and S4 (On-Off) (unless these are to be 
mounted off-board). Next, solder in posi- 
tion the resistors and capacitors. Note that 
C4 is an electrolytic capacitor and must be 
connected with the correct polarity. 

Add the four diodes and transistor TR1, 
again taking care with their orientation. 
Solder the battery connector or leads in 
place depending on the type of battery 
holder used. 

Insert IC2, IC3 and IC4 in their sockets 
making sure that they are placed the correct 
way round. Insert Receiver module IC1 
taking care because the pins are easily 
bent. Note that its component side is 
towards IC2/IC3. All these devices are sta- 
tic-sensitive, so observe the precautions 
mentioned earlier. 

Set Sla to Sld to the code used in 
Transmitter A and S2a to S2d to that used 
in Transmitter B. 


TESTING 


Having completed the Receiver board, 
we can now commence testing all three 
boards. It helps to minimise the Receiver 
“hold-off’ time by adjusting preset VR1 
fully anti-clockwise (as viewed from the 
left-hand side of the p.c.b.) and preset VR2 
fully clockwise (as viewed from the right- 
hand side of the p.c.b.). Check that the Test 
link has been left unconnected to prevent 
IC4b signal from passing to transistor 
TRI’s base. 

Switch on Single Channel switch $3 so 
that Channel A is enabled. With On-Off 
switch S4 off, insert the batteries. Switch 
on. After a short delay, the buzzer WD1 
should sound. 


Now place Transmitter A approximately 
three metres away from the Receiver, insert 
the battery and switch on. The buzzer 
should begin to bleep every second. 

The same procedure is now repeated for 
Transmitter B. To do this, switch S3 off to 
disable Channel A and firmly twist togeth- 
er the ends of the Test link wires. It is not 
advisable to solder this connection unless 
the i.c.s are removed first. The buzzer 
should bleep at a slightly slower rate than 
for Transmitter A. 

It is unlikely that the time periods of the 
two transmitters will be the same (due to 
overlapping component tolerances). 
However, if they are, one of them will need 
to be changed. Choose slightly higher val- 
ues for resistors R1 and R2 to slow it down 
and vice versa. Remove the i.c.s before 
making any modifications. 


HOLD-OFF TIME 


When both transmitters have been test- 
ed, switch S3 on to enable both channels. 
presets VRI and VR2 should now be 
adjusted to approximately mid-track posi- 
tion. This should provide a sufficient “hold 
off” time plus a small margin. 

The buzzer should now remain off and 
only sound when one of the transmitters is 
switched off or moved out of range. Leave 
them operating for several minutes. If the 
occasional spurious bleep is heard, 
increase the settings of VR1/VR2 to pre- 
vent this happening. 


OPERATING RANGE 


This is the best time to decide on an 
appropriate operating range. Cut the 
receiver and/or the transmitter Aerial links 
and separate the ends to reduce the range if 
necessary. If you change your mind and 
need to re-solder an aerial link, remove all 
the i.c.s from that unit first. 


Completed Transmitter and Receiver circuit boards mounted in plastic cases. Note the two types of battery holder. The licence 
exempt labels are glued to the back of the transmitter cases. 
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Table 2: Operating Range 


MPT1340 W.T 


LICENCE 


Transmitter Receiver Range 
Link Link (metres) 
Closed Closed 12 
Closed Open 8 
Open Closed 2 


There is plenty of room for experiment 
with the existing, and other, aerial arrange- 
ments. Remember, however, that any trans- 
mitter aerial must be placed internally in its 
case. To fulfil regulations, it must not be 
connected through an external feeder. 

The operating range results obtained 
with the prototype models, in an open 
space, are shown in Table 2. 

There is some hysteresis in operation 
(the on and off distances are not the same). 
With the transmitter aerial link cut, this is 
particularly evident and the Transmitter 
must be brought close to the Receiver for 
the warning to stop. This could be useful 
for certain purposes. 


CASE FOR THE 
TRANSMITTER 


Choose a plastic box (two required, one 
for each unit) that is large enough to 
accommodate the Transmitter p.c.b. Hold 
the p.c.b. a little above the base of the box 
and mark the position of the hole needed 
for the operting tab (toggle) for the on-off 
slider-type switch. Cut this out then, with 
the p.c.b. in position, mark its fixing holes. 


EXEMPT 


Completed Transmitter with “licence exempt” label glued to the case. 


Remove the p.c.b. and drill the fixing 
holes. Mount the p.c.b. using nylon wash- 
ers and/or stand-off insulators and nylon 
fixings to give the required clearance for 
the switch. 

In order to comply with UK regulations, 
attach a permanent label to the outside of 
each transmitter unit. This must display the 
following wording: MPT1340 W.T. 
Licence Exempt. The minimum size of the 
label is 1Omm x 15mm and the height of 
the lettering must not be less than 2mm 
(see photograph above). 


CASE FOR THE 
RECEIVER 


Choose a plastic box that is large 
enough to accommodate the Receiver 


p.c.b. and battery holder (see photo- 
graphs). If a belt clip needs to be fitted, do 
this now. 

Follow the same procedure described 
earlier for mounting the transmitter p.c.b. 
and producing the cutout slots in the case 
side panel for the two slide switches. Make 
sure the switches operate smoothly once 
the p.c.b. is in position. 

Secure the battery holder in the case. 
Measure the position of the buzzer and drill 
a hole in the lid to allow the sound to pass 
through. 

Make some tests with the units under 
real working conditions. Make any further 
adjustments to the aerial arrangements and 
adjust presets VR1/VR2 if this is found to 
be necessary. 


SQUIRES MODEL & CRAFT TOOLS 
ANTEX SOLDERING STATIONS 


ANTEX 660TC 


Temperature control range 65 - 450°C 
Thumb wheel potentiometer control 
50 Watt Iron Included (25W Optional Extra) 


Wide range of spare bits available (0.5mm - 6.0mm) 


y ie 


Normal Price £114-95 - Now £89.95 
Post Free to UK addresses. 


ANTEX 690SD 


Temperature control range 65 - 450°C 


Digital readout temperature control 


50 Watt static dissapative iron included 
Wide range of spare bits available (0.5mm - 6.0mm) 


Normal Price £169-95 - Now £129.95 
Post Free to UK addresses. 
Post, Telephone or Fax your orders to:- 
Squires, 100 London Road, Bognor Regis, West Sussex, PO21 1DD 


Tel 01243 842424 Fax 01243 842525 


OUR 600 PAGE POST FREE MAIL ORDER CATALOGUE IS AVAILABLE FREE OF CHARGE TO 
ADDRESS IN THE UK - OVERSEAS CATALOGUE FREE, POSTAGE CHARGED AT COST TO CREDIT 


EE) 
VISA 
fe Soe 
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A roundup of the latest Everyday 
News from the world of 


electronics 


DATAPLAY WON’T 


DataPlay have dropped out of the mini-disk scene. 
Barry Fox reports. 


A LTHOUGH Philips says it is “just 
coincidence”, the first showing of 
SFFO (Small Form Factor Optical sys- 
tem — see the item on the next page) pre- 
ceded the corporate shutdown of 
DataPlay in Colorado — just as the com- 
pany was launching its own miniature 
disk format. 

The DataPlay concept was unveiled in 
Las Vegas at the Consumer Electronics 
Show in January 2001. The 32mm dou- 
ble-sided disk is coated with phase 
change recording material and stores 
250MB on each side. 

Although phase change coating allows 
erasure, DataPlay never implemented the 
function and the only disks were write- 
once. The FAQ on Imation’s web-site says 
“Imation DataPlay Digital Media is write- 
once. Future DataPlay offerings may be 
rewritable.” Toshiba said two years ago 
that there was no erase button in order to 
keep recorders simple. Trade customers 
say they were originally told the disk 
would be rewritable and were astonished 
when they found it had been changed. 

DataPlay has raised $119 million since 
founding in 1999 through backing of 
Eastman Kodak, Imation, Samsung, 
Intel, musician David Crosby, Toshiba, 
Universal Music Group and others. BMG 
and EMI pledged to release music along 
with UMG. Toshiba told record compa- 
nies they could sell disks with 
pre-recorded music on one side, and the 
second side blank for downloading. 


Pricing Difficulties 


But Toshiba lost interest because of the 
difficulty of making the technology work 
reliably at reasonable price. In the US, 
the cheapest DataPlay recorder comes 
from China and costs $319. Samsung 
is now part of the Blu-ray blue laser 
consortium. 

Imation (the 3M spin-off) launched the 
new “Mini Optical Media” at the Stuff 
Live 2002 toys-for-boys show at Earls 
Court in early October just as the parent 
company admitted it could not raise the 
$50 million needed to keep going and 
sent its 120 workers home on unpaid 
“furlough” leave. Imation had sent out 
large cardboard boxes filled with air 
bags, to emphasise the small size of the 
DataPlay disk trapped in the middle, and 
promised recorders from companies 
called MediaEnabling and_ iRiver. 
Imation had been ramping up manufac- 
ture of blank disks on a single line in the 


USA which also produces CD-RW disks 
and diskettes. 

Another 120 DataPlay workers lost 
their jobs in July. Said Marcus Heap, 
European Business Development 
Manager: 

“Imation is an investor in the DataPlay 
company, and a business partner. We 
continue to fully support the DataPlay 
format. The company in the US has sent 
employees home, they call it furlough, 
while financial restructuring goes on. 
Other companies are involved in the 
decision. We expect more information 
within two weeks. Of course this needs 
resolving but as far as we are concerned 
it is business as usual — we do not expect 
this in any way to mean the demise of the 
DataPlay format.” 


Numerous Patents 


DataPlay has now closed operations 
and put the company up for sale. The 
patent records show that Dataplay has a 
folio of at least 85 international filings. 

The most recent (WO 02/077980 and 
983) tell how the laser is moved across 
the disk and kept in focus. Whereas CD 
and DVD players mount the laser optics 
on a sled and move it linearly, Dataplay 
puts the optics on a pivoted arm, like a 
miniature gramophone pickup. The arm 
is flexible and the laser beam is kept 
tightly focussed on the disk surface by 
tilting the arm slightly up and down. This 
arrangement, says Dataplay, uses less 
power than a linear sled so lets battery- 
portables run longer; tilt focussing can 
react more quickly to compensate for 
jogs. 

Another patent WO 01/93009 tells how 
a series of recordings, made at different 
times, can be added to the non-erasable 
disk and its non-erasable electronic table 
of contents. A new electronic index is 
added to a list of indexes on the disk 
every time a new recording is made. The 
playback laser always looks for and 
reads the last index on the list 

There has only been one other case of a 
format being killed on launch day. That 
was in the mid-eighties when the 
Japanese companies backing the MSX 
computer system pulled the plug on the 
day the Consumer Electronics Show 
opened in Las Vegas in January 1985. 
The MSX Pavilion was stripped of 
exhibits overnight and glossy magazines 
which had prepared MSX Special issues 
were left with egg all over their faces. 
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EASY CURRENT 
MONITORING 


LEM has introduced the DF 
series of current transducers for 
accurate measurement of low d.c. 
currents from 10mA to 500mA 
without breaking the primary cable. 

The new series provides a two 
per cent measurement accuracy 
and has galvanic isolation between 
the primary and secondary circuit 
of up to 5kV. Outputs are adapted 
for many types of control board 
(microcontrollers, PCs etc.) using 
fingersafe terminals. The supply 
voltage is +12V d.c., allowing bi- 
directional measurement. 

For more information contact 
LEME HEME Ltd., Dept EPE, 1 
Penketh Place, West Pimbo, 
Skelmersdale, Lancs WN8 9QX. 
Tel: 01695 720777. Email: 
kwi@lem.com. 


NEW NRPB BULLETIN 


The National Radiological Protection 
Board (NRPB) has integrated the 
Radiological Protection Bulletin into its 
web site at www.nrpb.org. The first edi- 
tion of the nrpb eBulletin contains an edi- 
torial on Chernobyl, various news items 
and articles on magnetic fields, nuclear 
power, depleted uranium and protecting 
against the dangers of ultraviolet light. 

In the NRPB’s Annual Report 2001/2002 
recently received, it was interesting to note 
that the web site is also said to be “a good 
teaching resource and learning tool for 
children as well as the wider audience”. 


Earls Court Expo Postponed 


Undoubtedly some of you will have been 
looking forward to the next Electronics 
World Expo that was due to take place at 
Earls Court, London, in February. This 
“Design to Manufacture” event for the elec- 
tronics industries has now been postponed 
and is likely to be rescheduled for the autumn 
of 2003. Visit www.ewex.co.uk for the latest 
information. 
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SFFO MINI-DISK LAUNCH 


Barry Fox reports. 


Philips of the Netherlands has for two 
years been working secretly on the SFFO, 
Small Form Factor Optical system project 
at a research centre in Southampton, 
England. SFFO was first mentioned in a lab 
research report written earlier this year. In 
early October Philips gave the first semi- 
public showing of SFFO at a Japanese elec- 
tronics exhibition to convince doubters that 
it really is possible to store 4GB on a 3cm 
disk, and build an optical drive as small as 
a plug-in memory card. 

SFFO has spun off from the work done 
by Philips on Blu-ray, the standard for 
using 405nm blue lasers on DVD-sized 
disks already agreed by Hitachi, LG, 
Matsushita/Panasonic, Pioneer, Philips, 
Samsung, Sharp, Sony and Thomson. 

The 3cm disk will be the same thick- 
ness as a DVD, but spin-coated with a 
much thinner layer of phase change 
recording material — 0.1mm for SFFO 
compared to 0.6mm for DVD. Because 
the SFFO laser only has to “see” through 
this very thin layer, there is little risk of 
beam distortion if the disk tilts when the 
device is jogged. 

The glass photo-polymer lens has a light 
transmitting pupil of only 1.3mm, one third 


the size of the lens in a DVD recorder. This 
reduces its mass to one tenth and gives 
immunity to mechanical jogs. The drive 
shown in Japan is 0.7cm thick, 5.6cm long 
and 3.4cm wide. The lab has now reduced 
thickness to 0.5cm. The target is a drive 
thin enough to slot into a standard memory 
card socket. 

The disk will initially store 1GB on each 
side, but dual layer coating as already used 
for DVD will double the capacity again, to 
a 4GB total. The disk comes in a protective 
caddy, but users can take out the disk and 
use it bare. But this will not be a good idea, 
warns Philips, if people put SFFOs in their 
pocket along with loose change. 

Wayne Fletcher, SFFO Program Manager 
at Southampton, says it can be ready for 
sale in two years, if there is industry agree- 
ment. Chris Buma, who heads Philips’ opti- 
cal division in Eindhoven, says disks can 
be made for “a few cents”. 

“T don’t think a $5 drive will ever be pos- 
sible,’ says Fletcher. “But whereas the 
memory card makers can put slots in a 
portable device for next to nothing, and 
charge $100 for a card, we could charge 
$100 for a drive with the promise of very 
inexpensive disks”. 


EOCS RISING 


The Electronic Organ Constructor’s 
Society (EOCS) is a Society which has 
reported that it is has been experienc- 
ing a rise in the number of members 
who are pleased to write articles for its 
Electronic Organ Magazine, the latest 
copy of which, number 183, has recent- 
ly been received at EPE. 

Don Bray, Editor of the magazine, 
comments though that there is still 
room for more. If you have something 
to say about electronic organs — be it 
new technology or traditional crafts- 
manship, a long article or idea snippet, 
or even an interesting photograph — he 
would be pleased to hear from you. 

Of course, Ron Coates, the 
Membership Secretary and Hon. 
Treasurer, will also be delighted to 
hear from any EPE reader who wishes 
to join the EOCS. If you live in 
London, Essex or the South of England 
you will not only receive the regular 
magazine, but you will also be able to 
meet with like-minded organ enthusi- 
asts at one of the periodic meetings. 
You have missed the London 
Symposium at the end of October, but 
there will be another in April next year, 
and there are other local meetings to 
attend as well. 

For more information about the 


EOCS, contact Ron Coates, 
Membership Secretary, Dept EPE, 2 
Boxhill Nurseries, Boxhill Road, 


Tadworth, Surrey KT20 7JF. Email: 
treasurer @eocs.org.uk. 
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FML CAT 


The 2003 catalogue for FML 
Electronics has been received. Whilst 
six pages of A4 may not at first sound 
enticing — get a copy and be prepared 
for a surprise at the sheer quantities of 
device types that are listed, especially 
in the semiconductors category, which 
probably lists several hundred types. 

Other categories for which a 
respectable selection of component 
types is listed include capacitors, crys- 
tals, optoelectronics, resistors, poten- 
tiometers and thermistors. 

For more information contact FML 
Electronics, Dept EPE, Freepost NEA 
3627, Bedale, N.Yorks DL8 2BR. Tel: 
01677 425840. Email: fml.electronics 
@breathemail.net. 


Sherwood Cat 


Sherwood Electronics have sent us 
their 2003 catalogue. It costs £1 but 
this is likely to be soon recouped 
through using the vouchers that are 
included with it. 

The catalogue comprises around 100 
AS pages which offer the convenience 
of having ready access to a wide vari- 
ety of basic electronic components that 
any electronics enthusiast is likely 
require in pursuit of their hobby. 
Included are bulk-purchase packs of 
selected useful items, and each priced 
at only £1. 

For more information contact 
Sherwood Electronics, Dept EPE, 7 
Williamson Street, Mansfield, Notts 
NG19 OTD. 


ULTRA-MINI METER 


A 3¥2 digit l.e.d. voltage meter 
with 9mm digit height in a compact 


d.i.l. package has been added to 
Lascar Electronics range of low- 
cost, ultra-miniature panel instru- 
ments. 

Features of the OEM 1B-LED 
module include selectable decimal 


points, auto-polarity, auto-zero 
and 200mV full scale reading with 
on-board calibration. Prices start 
at £15.50, and volume discounts 
are available. 

For more information contact 
Lascar Electronics Ltd., Dept 
EPE, Module House, Whiteparish, 
Salisbury, Wilts SP5 2SJ. Tel: 
01794 884567. Fax: 01794 
884616. 

Email: lascar@ netcomuk.co.uk. 

Web: ww/lascarelectronics.com. 


SQUIRES 2003 CAT 


Wondering what to buy yourself for 
Christmas? Squires Model and Crafts 
Catalogue 2003 holds all sorts of fasci- 
nating items that any dedicated hobbyist 
in any constructional field will find 
desirable! 

The catalogue is the ninth issue pro- 
duced in the ten years since Squires 
commenced trading. Its range of con- 
tents seems to include everything except 
the proverbial kitchen sink — screw- 
drivers, spanners, anvils, drills, chisels, 
pyrography tools, scenic materials, 
capacitors, connectors, knobs, relays, 
resistors, semiconductors, speakers — 
just a few random selections from the 
extensive list, catered for by over 600 
pages in A5 format. 

We’ve said before, and confirm it 
again — this catalogue is the key to an 
Aladin’s cave of goodies, and a worth- 
while reference book for the workshop. 

Squires say they offer “an excellent 
and friendly service” which includes: 
free catalogue to any UK address, same 
day despatch for orders placed before 
4pm, P&P free of charge, payment 
accepted by cheque, credit or debit card. 

For your copy of this bumper cata- 
logue, contact Squires Model and Craft 
Tools, Dept EPE, 100 London Road, 
Bognor Regis, W. Sussex PO21 1DD. 
Tel: 01243 842424. Fax: 01243 842525. 
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This month we look at the construction and applications of power MOSFETs. 


All About MOSFETs 


Our thanks to reader Dave Larner who 
emailed us on the subject of power 
MOSFETS: 


“Looking through past issues of EPE 
very few projects use power MOSFETs and 
I wonder why? I suspect static may be a 
problem but this seems to be outweighed by 
the low on-resistance and need for very lit- 
tle heatsinking and the large current han- 
dling capabilities. 

I have obtained MOSFET data sheets for 
IRF530, BUZII and PHBSONOGLT. I see 
the gate voltage needs to be as high as 4V 
for some types, I also note that some types 
have low gate voltage for direct driving 
from SV logic. One of the problems is that 
there seem to be many different types and 
methods of construction.” 


We can’t really say why power MOS- 
FETS are not seen in EPE as often as Dave 
would expect; the projects represent the 
efforts of many different authors with dif- 
ferent approaches and experience and we 
at CS are not privy to all their design 
decisions. 

However, we can have a go at explaining 
the various power MOSFET structures, 
which may help those who do find it a lit- 
tle confusing. Dave also asked about drive 
circuits (e.g. to drive power MOSFETS 
from logic devices) and we will be looking 
at this in another instalment of Circuit 
Surgery. 

As Dave points out there is a variety of 
types of power MOSFET with different 
constructions, and different names, with 
some of the names being trademarks of 
particular manufacturers. These names 
include DMOS (Double Diffused MOS) 
and VMOS (Vertical MOS), which are 
often used generically, but were originally 
developed commercially by Siliconix in 
the 1970s. Then there is HEXFET from 
International Rectifier, TMOS from 
Motorola, TrenchFET from  Vishay/ 
Siliconix, PowerTrench from Fairchild, 
and that’s by no means an exhaustive list. 

The power MOSFET market can proba- 
bly be divided into the “heavy duty” area — 
dealing with very high voltages and 
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currents, and the “high efficiency” area at 
low voltages and moderate currents, where 
devices are typically targeted at applica- 
tions such as the switch mode power sup- 
plies in portable systems like laptops. For 
heavy duty use, MOSFETS capable of 
handling 1000V drain-source voltage or 
drain-source currents of over 150A are 
available. 


How They Work 

To understand the meaning of the many 
MOSFET names and the need for these 
various structures that go with them, we 
need to know a little bit about how MOS- 
FETS are constructed and _ operate. 
Conduction between source (s) and drain 
(d) in an ordinary MOSFET takes place in 
a narrow channel region under the gate (g) 
(see Fig. 1). The term lateral MOSFET is 
used to describe this structure of the stan- 
dard low power MOSFET as the current 
flows entirely through a horizontal plane. 


CHANNEL 
SOURCE 


DRAIN TO SOURCE CURRENT 


Fig.1. Lateral MOSFET used for low 
power applications. 


The basic operation of the n-channel 
MOSFET (as shown in Fig. 1) is as fol- 
lows: if we apply zero, low or negative 
gate-source voltage, the device is off 
because the n-p-n regions act as two back- 
to-back diodes. Only a very small leakage 
current can therefore flow from drain to 
source (or vice versa). Here, “n” and “p” 
refer to the type of chemical used to 
“dope” pure silicon to create interesting 
semiconductor behaviour. 

In the case of n-type silicon it has more 
electrons free to take place in conduction 
than in pure silicon. Whereas, p-type has 
fewer electrons, but these gaps can be 


regarded as mobile “holes” which act like 
positively charged versions of the electrons 
in the n-region. Thus, both p and n-type sil- 
icon conduct to some extent. Placing an n- 
region next to a p-region creates a pn junc- 
tion, also known as a “diode junction’, 
through which current will usually flow in 
only one direction. 

Getting back to the MOSFET, if we 
apply a positive gate-source voltage the 
electrostatic attraction of this gate voltage 
will pull (negatively charged) electrons 
from the nearby silicon to the p-type region 
just under the gate. If sufficient electrons 
accumulate here there will eventually be an 
excess of electrons so the area just under the 
gate will behave as if it is n-type silicon. 

At this point it will have a created an n- 
type channel connecting the n-type drain 
and source regions, thus we have an n-n- 
n path from source to drain, rather than 
the n-p-n back-to-back diodes previous- 
ly described. Conduction can now take 

SOURCE 
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N 
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DRAIN TO 
SOURCE CURRENT 
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Fig.2. Simplified DMOS power MOS- 
FET structure. 


place from source to drain. The transistor 
is on and the gate-source voltage at 
which this occurs is called the threshold 
voltage. 

The approach to the physical structure 
of the MOSFET device shown in Fig. 1 
cannot readily be extended to produce 
high power devices — the cross sectional 
area of the conducting region simply can- 
not be made big enough (to make R,, 
small) without using an unreasonably 
large area of silicon. Furthermore, the 
large gate area would make such a device 
very slow due to the capacitance of a very 
large gate. 
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The structure of a DMOS power MOS- 
FET is shown in Fig. 2. The channel is still 
horizontal under the gate, but it is much 
shorter than in the conventional MOSFET, 
and the current flow between channel and 
drain is vertical. The short channel means a 
low on resistance, a property required by 
power devices. The T-shape current flow is 
probably the source of the name TMOS. 


HEXFET Structure 

The vertical nature of power MOSFETs 
means that the transistors can readily be 
repeated in a parallel structure to increase 
current handling capacity. A variety of 
shapes can be used for these repeated 
structures such as squares, triangles or, as 
illustrated in Fig. 3, hexagons (hence 
HEXFET). 


LINE INDICATES 
LOCATION OF CROSS 
SECTION SHOWN 
IN FIG. 2 


Fig.3. Top view of the MOSFET using 
hexagonal repeated cells to form paral- 
lel transistors. The grey areas form the 
source and black areas are the gates. 


Some power devices have over 20,000 
parallel transistor cells. Note that 
MOSFETs work happily in parallel 
because they do not suffer from current 
hogging and thermal runaway like bipolar 
transistors (a topic previously discussed in 
Circuit Surgery). 


Another power MOSFET structure is 
shown in Fig. 4 in which the gate is placed 
in a U-shaped groove or trench (hence the 
word “trench” appearing in various power 
MOSFET product names). Also, V-shaped 
grooves are used. Such devices have a 
completely vertical drain-source current 
flow, allowing even greater density in cel- 
lular structures. However, these structures 
are also used in strips rather than the array 
of cells shown in Fig. 3. 

The actual structures of real power MOS- 
FETS are more complex than those shown 
in the diagrams here (for example the n-type 
area connected to the drain has different 
regions with different doping levels). 


Choosing A Device 

In terms of choosing a device to use, if 
you understand that the various names 
relate to each company’s promotion of 
their technology and that all the devices 
are basically power MOSFETS, then 


SOURCE GATE 


SOURCE 


DRAIN TO 
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CHANNEL 


Fig.4. Simplified UMOS structure, 
named after the U-shaped gate 
“groove” cross section, V-shaped 
groove devices are also available. 


perhaps things will seem a little easier. 
Identify your key need — high efficiency, 
high speed, high voltage, high current, 
etc. and then select a device optimised for 
this that meets all your other requirements 
in terms of voltages, currents, power and 
speed. 

Power MOSFETS have a number of 


advantages over bipolar transistors in high 
power applications: 


@ MOSFETS are voltage-controlled 
devices, so the drive circuit does not have 
to supply a continuous current to hold the 
MOSFET in the on state (current is 
required to charge the gate capacitance at 
switch-on, however). 


@ They have better switching efficiency. 
That is, the power wastage that occurs due 
to the process of switching is lower in 
MOSFETS than in bipolar devices. 

This is particularly important in applica- 
tions where the power device is 
continuously switched at relatively high 
frequencies — switched mode power sup- 
plies being a key application where this 
advantage is exploited. 


@ As we have already mentioned, MOS- 
FETS can be used in parallel much more 
easily than bipolar transistors. 


One disadvantage is that MOFETS are 
not as good as bipolar transistors for very 
high voltage use. A consequence of build- 
ing a power MOSFET that can block high 
voltages is increased on-resistance and 
hence higher power dissipation when the 
device is switched on. 

However, the other advantages of MOS- 
FETS have led to them being combined 
with bipolar devices for high voltage 
applications to form insulated gate bipo- 
lar transistors (IGBTs). As you might 
expect there is also on-going research to 
produce very high voltage MOSFETS 
which overcome the problems with the 
basic devices. 

As Dave mentioned in his question, 
threshold voltages are typically 4V, but in 
order to fully turn on many of these 
devices for use at their full current rating, 
10V or more may be needed. 

We will return to this and other issues 
relating to driving power MOFETS in the 
next instalment of Circuit Surgery. IMB. 
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Constructional Project 


F.M. FREQUE. 
SURFER 


TOM MERRYFIELD 


Aiding the airwaves at GGMHz to 
725MH2z will trawl-in many unusual and 


unexpected contacts 


S a variation on Amateur Radio, the 
A«: for this project came about 

after operating a commercial v.h.f. 
(very high frequency) receiver which 
unfortunately was “deaf” to narrowband 
transceiver signals beyond 100MHz. 

Adding a long aerial, an impedance 
matcher and a wideband aerial amplifier 
offered a marginal improvement, but it 
soon became clear an improved detector 
stage and better low-pass filtering was 
required. Although built from scratch, the 
result is a circuit based on the Philips 
IDA7000 f.m. processor i.c., incorporating 
phase-locked loop detection, mixer and 
necessary oscillator stages. 

Strictly speaking, the project is really a 
v.h.f. receiver providing a nominal cover- 
age from 88MHz to 125MHz but in use it 
covers a variety of signals. (The range can 
also be extended to a top limit of approxi- 
mately 146MHz. See later.) This includes 
wideband f.m. broadcasts, aeronautical 
communications, fixed and private mobile 
radio, amateur bands activity on the lower 
frequency channels and the occasional 
shortwave transmission via satellite. 

With a little care and a few precautions, 
this project can be easily built and set up 
using a long aerial as opposed to a co-axial 
cable and feeder system. The cost of a 
slow-motion drive (these can be difficult to 
obtain) is also avoided since accurate tun- 
ing can be achieved using ordinary tuning 
capacitors. 


F.M. IN CONTEXT 


As most readers will recall, the medi- 
umwave and longwave bands pertain to 
amplitude modulation (a.m.), the audio 
information being impressed upon a carri- 
er of constant frequency by varying its 
amplitude. At the receiver end a simple 
diode detector can be used to retrieve the 
audio from the carrier. 

In some cases only a small portion of the 
modulated waveform may be transmitted 
as in single side-band (s.s.b) transmission 
used, for example, in Amateur Radio trans- 
ceiver activity. 

A frequency modulated (f.m.) signal 
however, is where the carrier frequency is 
made to deviate from the central carrier 
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frequency. Clearly, this implies the need 
for an f.m. detector as opposed to an a.m. 
type, the desired output being a voltage 
proportional to the amplitude of the modu- 
lating signal (or audio) relative to the 
degree of frequency deviation. 


PLL DETECTION 


Whereas a simple ratio detector could be 
used to detect wideband f.m. signals, a 
more sophisticated form — namely, Phase- 
Locked Loop detection (PLL) — is required 
to adequately demodulate narrowband 
transceiver signals intercepted by the aeri- 
al system. 

As incorporated in 
the TDA7000 f.m. V.0.0. 

SIGNAL 

processor (IC1 — see 

Fig.1), the PLL loop rerenence NUT 
includes a phase SINS TE 
detector comprising 
two inputs; that is, a 
signal from the refer- 
ence oscillator and 
that generated by the 
Voltage Controlled 
Oscillator (VCO). Due to the existing 
phase difference or error, the output from 
the phase detector is fed into a low-pass fil- 
ter which removes unwanted harmonics 
and noise whilst blocking all a.c. compo- 
nents of the waveform. 

Hence, only the d.c. component, 
referred to as the control or error voltage, 
is inputted to the VCO (pin 6 of IC1). This 
in turn modifies the VCO frequency so the 
phase offset is compensated for with the 
VCO “locked” on to the incoming recep- 
tion frequency. 

The advantage here is that narrowband 
signals can be similarly processed — even 


LONG AERIAL 
INPUT 


AERIAL CIRCUIT 
WITH R.F. FILTER 


1C1 LI TUNED Cy AUDIO 
FM PROCESSOR 


x CIRCUIT FILTER 


at frequencies of some several hundred 
megahertz! Also, since the VCO is 
linked directly to the tuned circuit 
(Fig.2), sharper tuning is more easily 
accomplished so long as a high Q 
is maintained over the relevant band of 
frequencies. 


CIRCUIT OPERATION 

The full circuit diagram for the F.M. 
Frequency Surfer is shown in Fig.3. 
Although the circuit may seem relatively 
complex, it can be easily broken into 
stages as shown in the block diagram of 
Fig.2. 

Furthermore, coils L1, L2, L5 and L6 
are home-wound and easy to construct, 
with coils L3, L4 and L7 being ordinary 
widely available inductors. These, howev- 
er, are not the suppression type which tend 


1 
PHASE OUTPUT I MODIFIED 
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LOOP J CONTROL VOLTAGE 
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Fig.1. Simplified block diagram for the PLL 


to be more expensive but don’t actually 
work very well in the circuit! 

In order to employ the long aerial effec- 
tively and reduce losses, the twin coil 
L1/L2 provides some impedance matching 
whilst also forming a part of the aerial fil- 
ter circuit. As shown in Fig.3, the signal is 
proportionately tapped off via two tap- 
pings on L1 and the finish winding of L2 
as switched inputs to the filter circuit. 

Since even very expensive scanning 
equipment can be hampered by poor front- 
end filtering, the latter plays an important 
role by aiding front-end selectivity, reduc- 
ing interference and bypassing out of band 


AUDIO 
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e) 
OUTPUT 
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Fig.2. Block schematic diagram for the F. M. Frequency Surfer 
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signals to ground. This also avoids using C22. Note the tuned circuit is connected only not exceed 10V d.c., this being the maxi- 


tuned circuits in the aerial circuit with capac- via pin 6 of IC1. mum permissable supply voltage for IC1. 

itors Cl to C8 offering stepped-up attenua- Resistor R1, with bypass capacitor C23, 

tion via the 12-way single-pole rotary switch set the nominal output voltage. If using an VCO oo, 

S1. external power supply No separate tuned circuit is needed to 
In terms of high frequency signal process- (mains adaptor), resonate the VCO since the VC1/VC2 net- 

ing, most of the work is carried out by IC1. it must work caters for both this and selecting the 


reception frequency. The sharp tuning 
capability required to adequately tune in 
narrowband transceiver activity is 
assisted by this network, includ- 
ing capacitors C25 and C26, in 
maintaining a high Q over 
the fairly broad tuning range. 
For instance, without 
capacitor C24 and coil L6 the 
frequency response beyond 
115MHz becomes flatter, thus 
reducing the selectivity. Further, 
since the margin of error becomes 
more critical with narrowband signals, 
VCI (trimmer) and VC2 (variable) capaci- 
tors therefore have to he adjusted very carefully 
(see In Use). 
In comparison, s.s.b. signals, can be missed altogether 
since only a part of the modulation envelope is trans- 
mitted making the signal extremely narrowband. 


Apart from PLL detection (discussed earli- 
er), other necessary stages include an rf. 
input and mixer to convert the 
reception frequency to a 
much lower inter- 
mediate frequency, 
in this case 
10-7kHz. 

Despite employ- 
ing quite a few exter- 
nal capacitors mostly 
for decoupling purpos- 
es the actual connections 
for IC1 are straight for- 
ward. The signal is 
inputted to pin 13 via the 
aerial circuit with pin 2 as 
the output terminal coupled 
to the audio filter via capacitor 
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Fig.3. Full circuit diagram for the F. M. Frequency Surfer. The audio output is fed into a crystal earpiece or high impedance 
headphones. 
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Table 1: Broad Classification of Frequencies 


Frequency Type 


Predominant Usage 


0-3MHz to 83MHz 


3MHz to 30MHz High Frequency 


30MHz to 300MHz_-Very High Frequency 


Medium Frequency 


A.M. — Domestic Radio, including 
longwave and medium wave 


A.M. / S.S.B. — Shortwave Radio, 
Amateur Bands, Maritime etc. 


F.M. — Commercial wideband f.m. 
(88MHz to 108MHz) and narrow 
band transceiver activity, s.s.b. 
also used 


AUDIO FILTER 

Capacitors C27 to C31 and inductor L7 
comprise a simple audio filter network 
prior to the audio amplifier. They also 
reduce the noise component of the demod- 
ulated signal whilst bypassing stray rf. to 
ground, which could otherwise distort the 
audio output. 

Note that C27 is a home-made capacitor 
constructed from two short off-cuts of 
p.v.c. covered wire twisted with a couple of 
turns and soldered in place. The free ends 
however, are not wired but instead kept 
“loose” to avoid introducing a short. 

The filtered audio signal is now coupled 
to a simple audio amplifier through vari- 
able potentiometer VR1 and electrolytic 
capacitor C33. 


AUDIO AMPLIFIER 

Transistors TRI and TR2 form a high 
gain audio amplifier stage, with resisitors 
R3, R4 and R6 providing local biasing. 
Resistor R5 and capacitor C34 are need- 
ed for stability at high frequencies with 
C35 decoupling the stage from the audio 
output. 

Note that whereas capacitor C32 caters 
for any voltage surges, C19 is required for 
bypassing any a.c. signals present in the 
supply line and as such, is placed strategi- 
cally next to the processor stage. 

Due to the output impedance being rela- 
tively high, a crystal earpiece or high 
impedance type headphones are needed to 
hear the output. 


TUNING MECHANISM 


Since using the wrong type of tuning 
capacitor can significantly reduce the 
performance of high frequency circuits, 
it is worth mentioning that VC2 is a 
126pF device with a built-in f.m. section 
that is usually sold as being for use with 
i.c. radio chips. If a 6-lug type is 
obtained the middle and side lugs will 
have to be correctly identified with the 
middle lug wired to OV. 

Due to VCl1 playing a critical role in 
making precise adjustments, a modern film 
type trimmer is not really suited for this 
sort of application. A 30pF differential type 
trimmer was used in the prototype, this 
being a bulky, airspaced device of the 
metal vane variety. 

It should be pointed out that obtaining 
the exact type is not crucial; other single 
turn air-spaced devices of 30pF — perhaps 
bought second hand and in good condition 
— will perform well. The main advantage is 
that minute adjustments can be made easi- 
ly. A 25pF device will also work, but the 
value of capacitor C25 will have to be 
increased to around 10pF with coil LS 
wound with two extra turns. 
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COIL CONSTRUCTION 


Constructing the coils is a simple 
process so long as it is not hurried and the 
coil wire handled very carefully. 

To be effective, the twin coil L1/L2 is 
wound on a 10mm diameter former with 
irregular gaps left between most wind- 
ings. Coil L1 is constructed from 30s.w.g. 
wire. Initially wind 20 turns then make a 
small loop of about 15mm to 20mm 
secured by a couple of twists to form the 
first tapping. 

After winding another 15 turns, the sec- 
ond tapping is similarly made. Complete 
the coil with a further 15 turns and seal 
over the end sections only using insulation 
tape so it keeps from unwinding. The start 


COMPONENTS 


Resistors 
ar See 
1 
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All 0-25W 5% carbon film. 


Potentiometers 
VR1 10k rotary carbon, log. 


Capacitors 
C1 470p polystyrene 
C2 680p polystyrene 
C3 820p polystyrene 
C4 1n2 polystyrene 
C5 2n5 polystyrene 
C6 3n3 polyester 
C7, C8, C29 4n7 polyester (3 off) 

120p polyestyrene 


10n ceramic disc (4 off) 

C11, C14, 
C22 100n ceramic disc (3 off) 
C12, C13, 220p polystyrene (2 off) 


1n ceramic disc (3 off) 

100p polystyrene (2 off) 

250p polystyrene 

15p ceramic, low K 

5p5 ceramic, low K 

homemade (two pieces 
of p.v.c. covered wire — 
see text) 

10p ceramic, low K 

22p ceramic, low K 

1000p radial elect. 25V 

1p radial elect. 25V 

200p polystyrene 

10p to 22u radial elect. 25V 

100u radial elect. 25V 

30p differential single 
turn air-spaced 
trimmer or similar — 
see text 

126p min. a.m./f.m. 
tuning capacitor 
(ZN414/6 radio i.c. 
type) 


Semiconductors 
TR1 BC109 npn low power 
transistor (no suffix) 


Approx. Cost 
Guidance Only 


TR2 BC549B npn low power 
transistor 
IC1 TDA7000 f.m. processor 


Coils and Inductors 
L1/L2 50 turns (L1) and 7 turns 
(L2) 30s.w.g. enamel 
coated copper wire — 
see text 

37UH to 40H axial 
inductor 
(non-suppression) 

22UH to 30H axial 
inductor 
(non-suppression) 

13 turns 24s.w.g. enamel 
coated copper wire — 
see text 

10 turns 26s.w.g. enamel 
coated copper wire — 
see text 

56H to 60H axial 
inductor 
(non-suppression) 


Miscellaneous 

S1 1-pole 12-way rotary 
switch 

$2 s.p.s.t. on-off toggle switch 

SK1 phono socket, single 
hole fixing chassis 
mounting 

SK2 3-5mm mono jack socket, 
with matching plug 

B1 QV battery (PP3 type), 
with connectors 


Stripboard, size 27 holes x 14 copper 
strips (Aerial), 44 holes x 17 strips 
(R.F.), 31 holes x 17 strips (Audio), and 
0-1in matrix copper pad (single or tri- 
pad) board 15 x 15 holes (Tuner); plas- 
tic case, size approx. 200mm (W) x 
110mm (D) x 62mm (H); potting box, 
75mm (L); 18-pin d.i.l. socket; 20-pin 
d.i.l. socket; 10 metres plastic coated 
wire for long aerial (optional); plastic 
knobs, with skirts (3 off); connecting 
wire; M4/M3 nuts, bolts and spacers; cir- 
cuit board stand-off pillars; self-adhesive 
pads; rubber grommets; solder pins; 
solder etc. Crystal earpiece or high 
impedance headphones. 


£30 


excl. case, batt. and headphones 
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of the winding is indicated on the circuit 
diagram with a e, and the end with aU. 

The coupling coil L2 is simply seven 
turns of 30s.w.g. wire wound over the 
length of L1 with turns kept in the same 
direction as for L1. Note that the start of 
this winding is not actually connected up 
once in-circuit. 

Once the enamel insulation has been 
scraped off from the “ends” using sandpa- 
per, plastic-covered, flexible (multistrand) 
leads should be soldered to the tappings; 
including the start lead of L1, which will 
be used for the long aerial connection. 


TUNING COILS 


The tuning coil, L5, is wound from 
24s.w.g. wire at exactly 13 turns on a 
6-5mm dia. former. Conveniently, a pencil 
of similar diameter can be used to wind the 
coil on then slid out with most turns having 
a gap of about 1mm. 

As with the preceding coils, L6 is also 
air-cored but constructed from 26s.w.g. 
wire at 10 turns on a 10mm dia. former. 
Reserve a gap of 2mm to 3mm approx. 
between most turns. 

Coils L3, L4 and L7 are commercial 
inductors and should be easily obtainable. 
Typical ratings (micro Henries) are shown 
on the circuit diagram Fig.3. 


ALIGNMENT AND 
SCREENING 


Unfortunately, simply “slapping the 
coils on” the circuit boards can distort 
their effectiveness at v.h.f. frequencies 
unless properly aligned. For instance, 


10mm DIA 
PAPER FORMER 


Loe [| e@L1 START 


@ = START OF WINDING 
O = FINISH OF WINDING 


Positioning of the circuit boards and L1/L2 inside the case. The Tuning board is 
mounted inside its own potting box. Note the small “screening” partition by L1/L2. 


once soldered in place, LS and L6 stand 
away from the board as opposed to rest- 
ing on it. 

As a stringent check, L5 should take up 
no more than 16mm to 17mm in length to 
ensure the correct distribution of turns. If 
the length seems shorter, gently push the 
relevant turns a part a fraction so the offset 
fills out, taking care not to scrape away any 
of the protective coating. 

Although coil L6 is shown parallel to L5 
in Fig.3 it should actually be positioned 
perpendicular to L5 as in Fig.5. Therefore, 
keep the start and end windings approx. 


FROM IC1 PIN 6 
(R.F. BOARD) 
TO LONG AERIAL INPUT 
VIASK1 


TO IC1 PIN 13 
VIA C9 ON 
R.F. BOARD 


ZSerrxAc—-rTOAMINODS 


=f 


INDIVIDUAL 
COPPER 


TO TO TO 
S1/1 $1/2 S1/3 


TO 
S1/4 


TO 
S1/5 


TO 
S/6 


TO 
S$1/7 


5 
o000000 0000 


Fig.4. Attenuator board component layout, wiring and under- 


side copper break details. 
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ing” and interwiring. 
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40mm long so the coil can be rotated easi- 
ly into position after soldering it in. 

Since both coils form a section of the 
tuned circuit, this is kept separate as a 
whole from the rest of the project. See 
“Casing Up” section later. 


CONSTRUCTION 


The circuit board component layouts, 
details of underside copper track breaks/links 
and interwiring, are shown in Fig.4 to Fig.7. 

The constructor may be surprised to see 
several circuits boards being used in this 
project but this helps to build the circuit in 


TO +9V ON 
R.F. BOARD 


. > TO OV ON 
R.F. BOARD 


Fig.5. Tuning “pad” board component layout, underside “link- 
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Fig.6. R.F. Tuning board component layout, underside copper strip breaks and lead- 
off wiring details. 


FROM R.F.BOARD TO +9V ON 
IC1 PIN2 VIAC22  R.F. BOARD 


1 5 10 


OUTPUT 
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Fig.7. Audio/Filter circuit board component layout, interwiring to off-board compo- 
nents and details of breaks required in the copper tracks. 
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stages and assists fault-finding; there is, 
however, a more fundamental reason. 

Taking into account the very high fre- 
quencies involved, despite building the 
project without error and confirming cor- 
rect d.c. voltages using a multimeter, there 
can still be serious problems with spurious 
feedback and ineffective decoupling 
having a detrimental effect on the perfor- 
mance. Hence the need to physically iso- 
late the aerial circuit, IC] processor and 
tuner/audio stages. 

Because the VCO tuning can also be 
dogged with oscillation problems, the 
tuned circuit was soldered on to a “pad” or 
“tri-pad” type board to limit stray capaci- 
tances. (Note this type has small, circular 
pads for soldering connections as opposed 
to copper tracks running parallel.) The 
links for this section are made with single 
core p.v.c. covered wire. 

Another measure is to insulate the cop- 
per section for each circuit board using 
p.v.c. or “gaffa” tape once the project has 
been tested and is ready to be encased. The 
size of each stripboard required can simply 
be determined by counting the number of 
rows and columns in each case and then 
trimmed from a larger board. 


SELECTIVITY 


As an auxilliary circuit aiding front end 
selectivity at higher frequencies, the aerial 
filter network (lead J) at the junction of C1 
to C6 and L3, L4 can be switched in-cir- 
cuit by wiring it to any one of the three 
inputs. That is, the first and second tap- 
pings and the “finish” lead of coil L2 of 
the twin coil labelled A, B and C respec- 
tively in Fig.3 and Fig.4. 

Rather than using a second rotary 
switch, an easier solution is to employ a 
d.i.l. socket as shown in Fig.4. At the very 
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least this should be a 14-pin holder so the 
inputs are not soldered in close proximity. 

Also, the relevant holes will have to be 
drilled at the side of the casing to accom- 
modate the socket before soldering con- 
nections are made. The front or insert side 
of the socket then makes it possible to 
“plug in” a jump lead from the filter circuit 
to coil points A, B or C. 


TESTING AND 
FAULTFINDING 


Apart from incorrect wiring and wrong- 
ly mounted components, each circuit 
board should be inspected carefully for 
short circuits caused by solder splashes 
bridging over adjacent copper tracks. 

Indeed, for the less experienced con- 
structor, it is advisable to practice strip- 
board soldering before building the pro- 
ject, the rule being not to use excessive 
solder. You must contain each soldered 
joint within it’s own track area. 

The pinout details for IC1, transistors 
TRI and TR2 should, of course, be cor- 
rectly identified and inserted correctly into 
the stripboard. 

Generally speaking, if the output is 
silent this indicates a short circuit and/or a 
wrong connection. For the latter, external 
wiring and supply lines should also be 
checked to see if the voltages are correct. 

If only static is heard in the output 
despite VR1 being advanced to full adjust- 
ment, this tends to point to a loose 
connection and/or dry joint. Assuming a 9V 
supply and no signal conditions, (i.e. the 
aerial is left disconnected), key voltages can 
be easily confirmed using a multimeter 
switched to the OV to 10V d.c. range. The 
key voltages are set out in Table 2. 


CASING UP 


The project can be housed in a large- 
sized case of approximately 200mm by 
110mm. Whereas the processor board 
(IC1) is situated facing the control panel, 
the audio stage is placed well out of the 
way towards the far side of the panel. 


Prototype circuit boards (left to right, top to bottom): Tuning 
board; Attenuator board; Audio board and R.F. board. 


General board layout 
inside the prototype. 
Note the tuning capac- 
itor clamped to the lid 
(the connecting wires 
have been extended 
for photography). 
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The aerial coil is screened from IC1 by 
an insulated section of matrix board posi- 
tioned vertically. The external connection 
pertaining to the aerial input (start of L1) is 
made via a phono socket SK1 fitted to the 
side or back panelling (see Fig. 10). 

As mentioned before, the tuned circuit 
(including LS and L6) is kept separate as a 
whole by housing it in a large sized potting 
box kept in place via the front panel fix- 
tures — see Fig.8. Incidently, a suggested 
method for mounting the controls to the 
front panel is also depicted, with addition- 
al supports needed for VC2 and VRI1 in 
order to even out the load-bearing. 

Since VC1 is adjustable, via a small 
pitch screwdriver or trim tool, it is fitted to 
the top surface or lid of the enclosure. This 
enables easy access to the adjustment slot, 
whilst giving the project a more intriguing 
look! 

During trials, it was discovered that the 
wiring for VC1/VC2 and to pin 6 of IC1 
should not exceed more than 80mm. This, 
however, is assisted by the strategic placing 
of the tuned circuit in close proximity to 
the controls and IC1. 


IN USE 


Any thin, p.v.c. insulated wire can be 
used as the long aerial, whether single- 
cored or multistrand. About 10 metres will 
suffice, the aerial being kept well away 
from electrical cables and not doubled over 
on itself. 

It should be remembered that strong sig- 
nals can easily overload the unit, in which 
case the aerial should be loosely coupled to 
the aerial input. That is, the flex is simply 
twisted around the aerial input socket 
(phono socket) without the exposed strands 
making electrical contact. Otherwise, the 
connection is more directly made using a 
phono plug. 

Note also that VC2 is adjusted relative to 
VC1 to maintain the required “offset”. For 
instance, VC1 is carefully tuned near con- 
tinuous pulses and/or on-off tone bursts 
which either precede or indicate transceiv- 
er activity. Variable capacitor VC2 is then 
adjusted for the best signal. 

As discussed earlier, the aerial filter can 
be switched in-circuit via coil L1/L2 tap- 
ping inputs A, B or C to reduce interfer- 
ence and improve poor-quality signals 
beyond 112MHz by applying attenuation a 
step at a time. 

However, due to lower frequency signals 
being impeded it is advisable to keep the fil- 
ter circuit disconnected when initially oper- 
ating the Surfer. Once the output has been 
gauged, the filter can be switched in-circuit 
noting any difference in signal quality. 


Table 2: Key Circuit Voltages 


Test Point Voltage 
IC1 Pin 5 9V 

IC1 Pin 13 1-8V 
IC1 Pin 6 9V 

IC1 Pin 2 0-9V 
TR1 Collector 1-4V 
TR2 Collector 4.8V 
TR2 Emitter 0-7V 


No Signal Conditions; Vs = 9V 
Average current consumption 
= 9-8mA approx. 
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WASHER 


M4 x 50mm 
(3 OFF) 


LARGE POTTING BOX 
HOUSES TUNED CIRCUIT 
AND SCREENING L5/L6 


M4 NUT 
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OF CASING 


APPROX 200mm. 


Fig.8. (above) 
Front panel com- TOP SURFAGE Gr VC! 
ponent mounting CASE LID 
details. 


Fig.9. (right) 
Mounting trimmer 
capacitor VC1 on 


A SUPPORT 
the case lid. 


TRIMMER 


20mm HOLE DRILLED TO SUIT TRIMMER 
M3 SCREW 
= SPACER 
M3 NUT 


ADHESIVE PAD 


TUNING-IN 


Although practice is needed to operate 
the unit confidently, the following proce- 
dure can be used as a convenient start 
point. 

1 — Set VC2 at a third of its tuning 

range. 

2 — Adjust VC1 incrementally until a 

signal is approached. 

3 — Re-adjust VC2 to fine-tune. 

4 —If using attenuation, repeat | to 3 for 

each step-up value. 


RESULTS 


Despite being a simple circuit (and there- 
fore less prohibitive to build), the prototype 
picked up a range of transceiver signals on 
the f.m./v.h.f. bands including fixed/mobile 
communications and paging systems at 
around 86:SMHz and 110MHz. In some 
instances as VC1 is advanced slowly, nor- 
mal free-floating f.m. static is abruptly inter- 
rupted by so called “channel static” indicat- 
ing a communications line being open. 

Apart from aeronautical  radio- 
navigation tone bursts (110MHz, 
upwards), nearby aircraft signals (117-5 
MHz) were also detected though very little 
may be understood unless the operator is 
familiar with coded 
abbreviations! 

More accessi- 
ble is Amateur 
Bands activity 
heard frequently 
on the lower fre- 
quency channels 
with one or both 
sides of the conver- 
sation received 
clearly. 

With a little trial 
and error, the nominal 


INPUT LEAD TO 
TOP OF COIL L1 


METAL SURFACE OF 
PHONO SOCKET ACTS 
AS SOLDER TAG 


EXTERNAL AERIAL 
CONNECTION OR 
LOOSELY COUPLED 


Fig.10. Using a phono socket for the 
external long aerial connection. 


range can be extended (86MHz to 
146MHz) by experimenting with attenua- 
tion and, primarily, inputs A, B and C in 
turn. 

Ending on a precautionary note, it 
should be remembered to loosely couple 
the aerial where overloading occurs. 
Secondly, keep the wiring for VC1 and to 
ICI pin 6 as short as possible — otherwise 
the reception of transceiver signals may be 
much reduced. 
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Learn About Microcontrollers 


+ TMH 


PIC Training & Development System 


The best place to start learning about microcontrollers is the PIC16F84. This is 
easy to understand and very popular with construction projects. Then continue on 
using the more sophisticated PIC16F877 family. 

The heart of our system is a real book which lies open on your desk while you 
use your computer to type in the programme and control the hardware. Start with 
four very simple programmes. Run the simulator to see how they work. Test them 
with real hardware. Follow on with a little theory..... 

Our complete PIC training and development system consists of our universal 
mid range PIC programmer, a 306 page book covering the PIC16F84, a 262 page 
book introducing the PIC16F877 family, and a suite of programmes to run ona 
PC. The module is an advanced design using a 28 pin PIC16F872 to handle the 
timing, programming and voltage switching requirements. The module has two 
ZIF sockets and an 8 pin socket which between them allow most mid range 8, 18, 
28 and 40 pin PICs to be programmed. The plugboard is wired with a 5 volt supply. 
The software is an integrated system comprising a text editor, assembler 
disassembler, simulator and programming software. The programming is 
performed at normal 5 volts and then verified with plus and minus 10% applied to 
ensure that the device is programmed with a good margin and not poised on the 
edge of failure. Requires two PP3 batteries which are not supplied. 


NEW 32 bit PC Assembler 


Experimenting with PC Computers with its kit is the 
easiest way ever to learn assembly language 
programming. If you have enough intelligence to 
understand the English language and you can operate 
a PC computer then you have all the necessary 
background knowledge. Flashing LEDs, digital to 
analogue converters, simple oscilloscope, charging 
curves, temperature graphs and audio digitising. 

Kit now supplied with our 32 bit assembler with 84 page 
supplement detailing the new features and including 
7 experiments PC to PIC communication. Flashing 
LEDs, writing to LCD and two way data using 3 wires 
from PC’s parallel port to PIC16F84. 


Book Experimenting with PCs 
Kit 1a ‘made up’ with software . 
Kit 1u ‘unmade’ with software 


C & C++ for the PC 


Experimenting with C & C++ Programmes teaches us to 
programme by using C to drive the simple hardware 
circuits built using the materials supplied in the kit. The 
circuits build up to a storage oscilloscope using 
relatively simple C techniques to construct a 
programme that is by no means simple. When 
approached in this way C is only marginally more 
difficult than BASIC and infinitely more powerful. 
C programmers are always in demand. Ideal for 
absolute beginners and experienced programmers. 


Book Experimenting with C & C++ £24.99 
Kit CP2a ‘made up’ with software ......... £32.51 
Kit CP2u ‘unmade’ with software 

Kit CP2t ‘top up’ with software 


The Kits 


The assembler and C & C++ kits contain the prototyping 
board, lead assemblies,components and programming 
software to do all the experiments. The ‘made up’ kits 
are supplied ready to start. The ‘top up’ kit is for readers 
who have already purchased kit 1a or 1u. The kits do 
not include the book. 


Hardware required 


All systems in this advertisement assume you have 
a PC (386 or better) and a printer lead. The experiments 
require no soldering. 


Universal mid range PIC programmer module 

+ Book Experimenting with PIC Microcontrollers 

+ Book Experimenting with the PIC16F877 (2nd edition) 

+ Universal mid range PIC software suite 

+ PIC16F84 and PIC16F872 test PICs... . 
UK Postage and insurance £ 7.50 
(Europe postage & Insurance. . £13.00. Rest of world. . £24.00) 


Experimenting with PIC Microcontrollers 


This book introduces the PIC16F84 and PIC16C711, and is the easy way 
to get started for anyone who is new to PIC programming. We begin with 
four simple experiments, the first of which is explained over ten and a half 
pages assuming no starting knowledge except the ability to operate a 
PC. Then having gained some practical experience we study the basic 
principles of PIC programming, learn about the 8 bit timer, how to drive 
the liquid crystal display, create a real time clock, experiment with the 
watchdog timer, sleep mode, beeps and music, including a rendition of 
Beethoven’s Fur Elise. Finally there are two projects to work through, 
using the PIC16F84 to create a sinewave generator and investigating the 
power taken by domestic appliances. In the space of 24 experiments, two 
projects and 56 exercises the book works through from absolute 
beginner to experienced engineer level. 


Ordering Information 


Telephone with Visa, Mastercard or Switch, or send cheque/PO for 
immediate despatch. All prices include VAT if applicable. Postage must be 
added to all orders. UK postage £2.50 per book, £1.00 per kit, maximum 
£7.50. Europe postage £3.50 per book, £1.50 per kit. Rest of World £6.50 per 
book, 2.50 per kit. 

Web site:- www.brunningsoftware.co.uk 


. . £157.41 


Experimenting with the PIC16F877 


The second PIC book starts with the simplest of experiments to 
give us a basic understanding of the PIC16F877 family. Then we 
look at the 16 bit timer, efficient storage and display of text 
messages, simple frequency counter, use a keypad for numbers, 
letters and security codes, and examine the 10 bit A/D converter. 

The 2nd edition has two new chapters. The PIC16F627 is 
introduced as a low cost PIC16F84. We use the PIC16F627 as 
a step up switching regulator, and to control the speed of a DC 
motor with maximum torque still available. Then we study how to 
use a PIC to switch mains power using an optoisolated triac 
driving a high current triac. 


Mail order address: 


© : 
138 The Street, Little Clacton, Clacton-on-sea, 
Brunning Software Essex, CO16 9LS. Tel 01255 862308 


Everyday Practical Electronics, January 2003 


eH 


New Technology 


INCE semiconductor devices were first 

introduced a variety of materials have 
been used as the basic semiconductor mater- 
ial. Germanium was the first that gained 
widespread acceptance, and the first transis- 
tors that were widely used in the 1950s and 
early 1960s were made from this. With 
developments in refining techniques, it then 
became possible to use silicon. This was 
much cheaper to use than germanium and its 
performance was superior in most areas. As a 
result silicon gained its place of dominance 
in the market in the early 1960s and it has 
remained in this position since. 

In the late 1980s a third technology arose. 
This was based on compound materials from 
groups III and V of the periodic table of ele- 
ments. From this development many gallium 
arsenide devices hit the market, exploiting 
the higher electron mobility of these semi- 
conductors and enabling much higher speeds 
and frequencies to be achieved. Although 
more difficult to manipulate and hence more 
costly, gallium arsenide managed to pick its 
place in the market, offering far superior per- 
formance to that of silicon. 


Indium Phosphide 


Now devices based on a new compound 
are beginning to emerge from the develop- 
ment laboratories. Based on indium phos- 
phide (InP) these devices offer very signifi- 
cant advantages over all other technologies 
and they are finding many applications in the 
areas of fibre optics and millimetre wave 
radio. 

Development is not a fast process. In this 
year’s Appleton Lecture at the IEE in 
London, Professor Midwinter cited examples 
of developments in photonics taking decades 
to reach fruition in view of their far reaching 
nature. However, developments in indium 
phosphide have not taken nearly as long and 
there are many real applications to which 
they can be applied. 

For example, they provide the only tech- 
nology that allows photodetectors and lasers 
to be integrated onto the same substrate as 
other analogue and mixed signal circuits. Not 
only does this force down costs, but more 
importantly it enables many performance 
parameters to be met. 

They can also be used in the wireless 
industry. Although cost is far more of an 
issue in this area, indium phosphide products 
show a significant improvement both in basic 
performance and in a lower power consump- 
tion — a factor that is particularly important 
for cellular telephone handsets where battery 
life is a major consideration. It is also found 
that indium phosphide devices can be manu- 
factured relatively easily to outperform galli- 
um arsenide and silicon devices. 


New Processes 


One of the key enabling elements in the 
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Semiconductors based on indium phosphide 
Challenge those made from silicon and gallium 
arsenide. lan Poole reports. 


development of indium phosphide has been 
the emergence of low cost processes to grow 
indium phosphide crystals suitable for semi- 
conductor device manufacture. 

Throughout the 1990s there was a rela- 
tively high level of investment into the 
development of low cost wafers for i.c. 
applications. For these applications large 
wafers are required, coupled with exacting 
requirements for surface finish and flatness. 

Further difficulties with processing indi- 
um phosphide are encountered, as it is very 
volatile around its melting point. To over- 
come this the growth of the crystals 
requires very high pressures. This means 
that specialised equipment is needed for the 
crystals to be grown satisfactorily. Until 
recently there has been a lack of commer- 
cially manufactured equipment to enable 
the indium phosphide crystals to be grown, 
especially in a form suitable for making 
large wafers. 

To overcome this problem work has been 
undertaken by the University of New York 
to refine the work at the Hanscom Research 
Site and develop a design that enables high 
pressure synthesis and crystal growth. The 
design provides the facility to synthesise 
the indium phosphide by the direct injec- 
tion of phosphorus and then grow the crys- 
tals under high pressure. This provides a 
method of being able to economically pro- 
duce high quality wafers. 


Improved Yield 


In another initiative, a small business 
named GT Equipment Technologies based 
in Nashua, New Hampshire and part funded 
by a programme from the US government, 
improved the crystal growth hardware. It 
took the output from some modelling simu- 
lations and actual experiments they had per- 
formed and applied them to the equipment. 
The new system enabled indium phophide 
wafer costs to be reduced by around 50% 
whilst improving their quality. In turn this 
has reflected in the improved yield and per- 
formance of the resulting devices. 

Work is now under way in a variety of 
establishments to produce four and six inch 
diameter wafers. With the increasing levels 
of integration, the industry is using these 
large wafers to reduce the production costs 
and increase the yield. However, uniform 
crystals of this size are not as easy to pro- 
duce as the smaller ones, requiring larger 
equipment and more controlled growth. 
Once perfected the larger wafers enable the 
financial returns to be gained, and the costs 
to be reduced in this very competitive and 
cost conscious business. 


Silicon technology has progressed a long 
way in recent years. Feature sizes on sili- 
con have fallen dramatically and now 0-13 


micron technologies are commonplace. 
Iindium phosphide technology is well 
behind this but is still able to provide per- 
formance results that are well ahead of that 
of silicon. Now much development activi- 
ty is being placed into moving forwards 
with indium phosphide photolithography. 
With feature sizes on indium phosphide 
still about ten times those used on silicon it 
is possible to imagine the possibilities 
indium phosphide is likely to offer in 
the future. 

To illustrate this, results for an indium 
phosphide high electron mobility transistor 
(HEMT) have been published detailing its 
performance at 220GHz. These results are 
from devices fabricated in the laboratory 
and not production items. These will take a 
number of years to catch up, but it shows 
the way in which technology is moving. 
Accordingly it is likely to be some time 
before these devices are commercially 
available. However, with technology mov- 
ing towards higher frequencies as the lower 
ones become more congested, the new indi- 
um phosphide technology is likely to be 
used far more widely. 


Dual Technology 


Whilst indium phosphide brings signifi- 
cant performance and cost benefits in many 
areas, it is still considerably more expen- 
sive to produce than silicon CMOS that is 
very well established and is recognised as a 
very cheap-to-produce technology. As a 
result of this a number of companies that 
focus on indium phosphide technology are 
looking carefully at ways in which the ben- 
efits of both technologies can be used to 
their best. 

One of the most obvious and cost effec- 
tive is to partition the design of a chipset 
carefully so that all the very high speed 
areas are contained within an indium phos- 
phide chip and the slower areas are con- 
tained within a CMOS chip. This relatively 
straightforward approach normally 
involves two companies as the ones that 
specialise in indium phosphide normally do 
not have the capability to fabricate chips 
using other processes. This has resulted in a 
number of companies that focus on indium 
phosphide teaming up with CMOS houses. 


Summary 


The future for indium phosphide looks to 
be very bright. Whilst it is still more expen- 
sive than some processes, it is still able to 
provide some real cost savings when used 
for high performance circuit areas. For the 
future its use is predicted to rise and this 
will result in costs falling and its use 
becoming even more widespread. 

Further details about radio and electron- 
ics technology can be found at www.radio- 
electronics.com. 
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PRACTICALLY SPEAKING 


Robert Penfold looks at the Techniques of Actually Doing It! 


ven if commercial cases are used 

for every project it is still necessary 
to do some finishing off yourself in 
order to get some really neat looking 
results. This is an area where things 
have changed in recent years, with tra- 
ditional transfers and panel making 
techniques being largely replaced by 
computer based methods’ and 
labellers. 

One recurring problem is the decline 
in the commercial use of traditional 
labelling materials, which has resulted 
in a reduced range of products being 
produced. They are also more difficult 
to track down. 

On the other hand, more modern 
techniques offer the same advantages 
to the amateur that they do to the pro- 
fessionals. Panel overlays and labels 
can be produced with greater precision 
than is possible by hand. 

Using computer based techniques it 
is also possible to produce fancy 
designs that can only be handled by 
highly skilled professionals when tradi- 
tional techniques are used. Resorting 
to a computer perhaps deskills the 
process to some extent, but it certainly 
opens up a range of new possibilities. 


Right Materials 

With traditional methods it is possible 
to produce overlays using any sheet 
material that is reasonably durable. The 
choice is more restricted if the panels 
are to be produced on a computer, 
because the material used has to be 
compatible with the printer. Large com- 
puter stores and specialist suppliers 
have stationery that is specifically 
designed for use with laser and (or) 
inkjet printers. One approach is to print 
onto good quality paper and then cover 
the panel with a self-adhesive transpar- 
ent material to protect the lettering. 

Another method is to print a mirror 
image of the design onto transparent 
film, which is available as overhead 
transparency film for both laser and 
inkjet printers. The film is then glued to 
the front panel using something like 
Scotch Spray Mount. This permits the 
film to be repositioned if you do not get 
it right the first time, and it does not give 
a blotchy effect under the film. 

The point of this method is that the 
lettering is on the rear side of the film 
where it is well protected. It is because 
the overlay is effectively used back to 
front that the printout has to be a mirror 
image. 

Obviously this method only works 
well with panels that are in good condi- 
tion, because the transparent film will 
let any imperfections show through. If 
the panel is scratched or marked it is 
better to fix the film onto a sheet of card 
or paper and then fix the paper to the 
case. 

Actually, it seems to be easier to get 
the overlay to stick reliably to the case 
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using this method. Coloured panels can 
be produced by using card or paper of 
the required colour. 


Free Software 

One obvious problem of computer 
methods is that suitable software is 
needed. The best types of software for 
this application are CAD (computer 
aided design) and illustration programs. 
CAD software is the better when con- 
ventional panels will be produced, and 
illustration programs are better if you 
wish to get creative and do your own 
thing. 

Both types of software will do the job 
well though. Paint programs and photo 
editing software might be usable, but 
they are less well suited to the task. 

CAD and illustration software can be 
quite expensive, and mostly cost 


sometimes necessary to set suitable 
drawing limits yourself. 

A grid of dots can be provided on the 
screen to aid the accurate positioning 
of objects. When working in metric units 
a grid at five or 10 millimetre intervals is 
about right, depending on panel size. 

The snap grid usually works sepa- 
rately, so the cursor will not snap to the 
grid points unless this feature is activat- 
ed. Most programs permit the snap grid 
to be set independently of the visual 
grid, so it can be set at a smaller inter- 
val such as one or two millimetres. This 
enables objects to be drawn and 
placed with good resolution, but avoids 
having so many grid dots that the draw- 
ing is obscured. 

If necessary, you can zoom in on a 
small part of the drawing and set an 
even finer snap grid so that greater pre- 
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cision can be obtained. 
The snap grid can be 
switched off if you would 
prefer to draw or place 


O } 
Of 


Oo O 


objects “by eye”. 


Making Your Mark 

A bewildering array of 
drawing tools are in- 
cluded with CAD and 
illustration programs, but 
for panel layouts the 
line, circle, and text 
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Fig.1. (above). A simple 
panel design, created 
using IntelliCAD, ready 
to be printed out. 


Fig.2. (right). Template 
for the design of Fig.1. © 
The text command per- 
mits notes to be added. 


hundreds or even thou- 
sands of pounds. On the 
other hand, a very basic 
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application such as this 
does not require the latest up-market 
software. Older versions of these pro- 
grams are often given away with com- 
puter magazines, or sold off cheaply. 

There should be little difficulty in 
finding suitable software on the 
Internet for free. For example, a 
working demonstration version of 
IntelliCAD is available (try www.intelli- 
cadms.com). The opening screen of 
this program has the usual Windows 
style menus and toolbars. 


Snap To It 

Before starting on a design it is nec- 
essary to get the screen set up correct- 
ly. The page size might be preset at the 
default printer's paper size but it is 


commands will suffice. There will proba- 
bly be a choice of line types, often called 
Line and Polyline. The Line command 
usually draws single line segments 
whereas the Polyline instruction can be 
used to produce lines having multiple 
segments. 

Polylines are often more versatile, 
offering various widths, complex 
curves, and neater results when closed 
to produced shapes. Where the choice 
is available it is best to use the more 
complex line command so that your 
options are left open. 

Start by drawing a rectangle to rep- 
resent the outline of the panel — see 
Fig.1 and Fig.2. In addition to the visu- 
al grid there should be a co-ordinate 
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display and (or) onscreen rulers, so it is 
easy to get the dimensions correct. 
Next add circles or “donuts” of the 
appropriate sizes to represent the 
mounting holes for the controls, sock- 
ets, etc. Any rectangular cut-outs can 
then be added. 

Next the legends are added, and a 
range of fonts are available from a stan- 
dard Windows installation. Plenty of 
add-on fonts are available on the 
Internet and elsewhere. A full range of 
sizes are available as well, so there 
should be no difficulty in getting the let- 
tering exactly as required. Many of the 
standard fonts look rather “heavy” when 
used for panel legends, but there are 
sometimes “light” versions available 
that are better suited to this application. 


Spaced Out 

Remember to make sure that suffi- 
cient space is left to accommodate the 
control knobs. The easy way to do this 
is to temporarily add a circle to repre- 
sent the outline of the knob. It should 
then be easy to position the label 
where it will look neat and will not be 
obscured by the control knob. When 
you get more proficient with the draw- 
ing program it is possible to take things 
a stage further and produce more real- 
istic representations of the control 
knobs, switches, or whatever. 

The author has often advocated 
designing panel layouts by placing con- 
trol Knobs on the actual panel, together 
with fixing nuts to represent toggle 
switches, and this sort of thing. Drawing 
programs offer an interesting alterna- 
tive, and it is easy to move objects 
around the design in order to get things 
just right. In fact you can save several 
versions of the layout and then pick the 
one that looks best. 

However, always check that the 
selected layout is a practical one. 
Sometimes part of the component 
behind the mounting panel will be larg- 
er than the part, or the control knob, in 
front of the panel. Do some careful 
measuring to ensure that everything 
will fit into place properly. 

Most CAD programs have some 3D 
capability, and many can render line 
drawings to produce quite realistic 
results. Producing 3D representations 
is much more difficult and time con- 
suming than drawing up two-dimen- 
sional plans, and it is certainly not the 
place to start. However, it is something 
that is worth investigating once you get 
to grips with the drawing program. 


Template 

One way of handling the drilling 
and cutting of the panel is to design 
the layout using the computer, and 
then draw the design onto the actual 
panel. This has to be regarded as 
doing things the hard way though, 
and in general it is easier if the 
design is printed out on paper and 
then glued to the front panel. It then 
acts as a template that indicates the 
drilling centres, etc. 

The paper also provides the panel 
with a certain amount of protection 
while it is being drilled. It is advisable to 
fix the template in place with a water 
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beginnings of the | ~~" 
dial. The ticks were 
added using the 
Polar Array com- 
mand. 
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Fig.4. (above). The 
finished dial, com- 
plete with labels. 
The division label 
legends are added 
using another Polar 
Array command. 
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soluble adhesive so that the paper and 
glue are easily removed once the panel 
has been completed. 

You can use the same drawing for 
the panel and for the template, but it is 
probably better to produce the panel 
overlay first. With the panel drawing 
safely saved on disk, save it under 
another name and edit this version to 
produce the template. Add crossed 
lines to indicate drill centres, add 
dimensions, notes, or any information 
that will be useful when working on the 
front panel. 

Provided the drilling and cutting are 
accurate, the overlay and the panel 
should be a perfect match. A simple 
overlay design and the matching tem- 
plate are shown in Fig.1 and Fig.2 
respectively. 


Dial-A-Dial 

Producing neat dials using conven- 
tional materials can be very difficult 
even for those with the necessary skills. 
Using most drawing programs it is quite 
easy once you know how. 

The example dial (see Fig.3 and 
Fig.4) covers 180 degrees, has 50 
minor divisions, and 10 main ones, with 
only the main ones being labelled. The 
dial after the initial steps is shown in 
Fig.3. A circle has been added at the 
centre of the dial and a 180 degree arc 
was then added. 

Drawing the 51 “ticks” around the 
arc to produce the 50 minor divisions 
would be very difficult since the ends 
of the lines do not conveniently fall on 
grid points. The easy way around this 
is to first draw one of the lines at the 
end of the arc, which can utilise the 
snap grid. Next the Polar Array com- 
mand is used to produce all the others 
in one operation. 

This is just a matter of selecting the 
object to be cloned (the first tick mark), 
indicating the centre point, specifying 
the number of objects in the array, and 
the angle to be covered. The original 
object counts as one of the objects in 
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the array, so 51 and not 50 objects 
must specified. 

Drawing programs usually operate 
using a mathematic co-ordinate system 
and not a geographic type. The angle 
therefore has to have a negative figure 
to copy in a clockwise direction, and a 
positive one to copy in a counter clock- 
wise direction. 

You are normally given the choice of 
having the objects rotated as they are 
copied or left with the original orienta- 
tion. In this case rotation must be used 
or the lines will all be horizontal. 

The finished dial design is shown in 
Fig.4. The major ticks were produced 
in much the same way as the minor 
ones. The initial tick mark was 
stretched to double its previous length, 
after which it was used as the basis of 
another polar array. This time 11 
objects spread across 180 degrees 
are used. 

The division labels are added using 
another polar array, with the “O” being 
added first using a rotation value of 
90 degrees. The others are then 
copied from this using the Polar Array 
command. 

Finally, the copies are edited to the 
correct values. If you prefer to have all 
the labels the right way up it is probably 
best to add them anywhere and then 
move then into position “by eye” with 
the snap grid switched off. 


Summing Up 

Even using the basic techniques 
described here it is possible to produce 
some very professional looking results. 
It takes a while to become reasonably 
proficient at using a drawing program 
and the Help system is likely to put in 
plenty of overtime initially. 

However, just about anything is pos- 
sible once the main drawing and editing 
commands have been mastered. It is 
possible to produce results that rival 
professional equipment, and provided 
you already have a PC and a printer the 
cost is very low. 
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UWB — Wireless on Steroids 


lhe fastest wireless technology yet, 

| beating Wi-Fi, Bluetooth and 

infrared by miles. That’s what advo- 

cates claim for ultra wideband modulation 

or UWB. Others, however, wonder 

whether this miracle wireless technology 
will cause more grief than good. 

A rather apt buzzword of the moment is 
“untethered”. It sums up neatly the way 
many people now expect 100 per cent con- 
nectivity for mobile phones, laptops and 
other devices wherever they are — in the 
home, at work or out and about. And it’s 
wire-free solutions that make this possible, 
using some kind of radio link or infrared 
beam. 

Speed is not the strong point of these 
systems, however; none of them can match 
the data rate of a hard-wired broadband 
connection for instance. That’s why the 
quest is still on for an alternative that deliv- 
ers more content, faster and at lower cost. 

The exponents of ultra wideband radio 
claim the search is over. With UWB they 
are offering a technique that is almost 10 
times as fast as current alternatives and 
uses less power than either Bluetooth or 
Wi-Fi. What’s more, it can co-exist with 
existing radio users and requires no dedi- 
cated wireless spectrum. 

Sounds too good to be true? You bet. 
The concept’s logic is indisputable, but 
truly viable only in a radio environment 
redesigned entirely to eliminate the vulner- 
ability of traditional transmissions. 


BROAD BASICS 

So what is UWB, how does it work and 
what are the qualifications that could hold 
back its deployment? 

In concept UWB differs fundamentally 
from nearly all other approaches to radio 
communication. Whereas most transmis- 
sion modes occupy an intentionally narrow 
slice of spectrum to conserve power and to 
make space for other occupants of the 
band, UWB does the opposite. But then 
whilst most conventional radio systems 
transmit at robust power levels to ensure 
adequate signal strength at the receiver, 
UWB once more does the opposite. Again, 
most normal radio systems radiate a con- 
tinuous signal — but not UWB. 

The unique feature of ultra wideband is 
that it uses extremely low power radio 
pulses (around 50 millionths of a watt) that 
extend across a large portion of the spec- 
trum, for example from 1GHz to 4GHz. To 
any receiver tuned to a specific frequency 
these UWB transmissions will appear as 
mere background noise and will be ignored 
(so long as they don’t interfere with recep- 
tion of other signals). Because UWB sends 
pulsed transmissions at such low power 
across a broad frequency range using very 
short pulses (half a billionth of a second), 
the risk of interference is indeed low — at 
least in theory. 
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In February 2002 the Federal 
Communications Commission in America 
gave conditional approval to companies 
seeking to market products employing 
UWB technology, whilst its British coun- 
terpart, the Radiocommunications Agency, 
in July sponsored a colloquium on UWB, 
its applications and the regulation issues. 
Articles are appearing on the subject 
everywhere and for many interested parties 
the question is purely when, not whether. 


DREAM COME TRUE 


The most pressing attraction of UWB 
transmission right now is its vastly expand- 
ed capabilities in crowded airwaves. In a 
world obsessed with broadband connectiv- 
ity and untethered mobility, UWB holds 
open the promise of any-place, any-time 
broadband delivery. 

Many applications are suggested, rang- 
ing from audio and video distribution in 
the home to high-precision location and 
tracking systems and sophisticated radar 
systems. It has the potential for worldwide 
open-spectrum use, with lower power con- 
sumption and implementation costs (in the 
rf. chain) than rival technologies. 

Unlike the other radio technologies, 
which send dense, narrow signals within a 
particular portion of the spectrum reserved 
exclusively for themselves, UWB does the 
opposite. Instead it transmits tiny bursts of 
information very rapidly over a vast 
swathe of frequencies (hence the name 
ultra wideband) for extremely short peri- 
ods of time at low power. The scattergun 
technique ensures receivers pick up 
enough signal, whilst the low average den- 
sity of signal means UWB signals can 
share radio spectrum with other existing 
services. 


PRACTICAL MATTERS 


As well as opportunities, UWB presents 
several challenges, for which solutions are 
also proposed. Frequency sharing with 
existing users of the airwaves is the most 
obvious and interference to other classes of 
user could be a major problem. Some ser- 
vices, such as satellite location systems 
and radio astronomy research, could be 
very hard hit. 

As well as being a source of interference 
to other users, UWB is also vulnerable to 
interference from other services. Because, 
in order to gain regulatory approval, the 
system is designed to work on extremely 
low signal strengths it will be very suscep- 
tible to interference, particularly when 
interfering devices are at very close range 
(such as mobile phones). 

UWB is not a long-range system any 
more than Wi-Fi or Bluetooth are. Power 
levels will be extremely low in radio bands 
below 3GHz, which may also decrease the 
attraction of UWB. The technology too 
is at an early stage of development and 


standardisation is incomplete (not that this 
ever deterred early adopters!). 

Assuming the claims made for UWB are 
all substantiated, maximum advantage from 
the technology would be gained by starting 
from scratch to redesign radio communica- 
tions entirely. This of course is not an option 
and means that the brave new world of UWB 
may find coexistence with exponents of 
existing rf. techniques very uneasy. 

The real task, most observers agree, is to 
recognise the difference between interfer- 
ence and harmful interference. Appearing 
to support this view, the FCC has stated, 
“With appropriate technical standards, 
UWB devices can operate using spectrum 
occupied by existing radio services with- 
out causing interference, thereby permit- 
ting scarce spectrum resources to be used 
more efficiently.” 


WORLD-CHANGING? 

Will UWB change the world? That’s a 
difficult question to answer. Optimism is 
widespread, although American technology 
guru Robert X. Cringely injects more than a 
touch of reality when he likens UWB to the 
proverbial 100 mile-per-gallon carburettor, 
the gadget that every car owner wants (and 
every oil company doesn’t). 

He is convinced that UWB will create a 
thorny business problem for existing commu- 
nication businesses as it comes to offer a 
cheaper, better alternative to almost every 
means of getting in touch. Local phone com- 
panies, cable TV operators, mobile phone out- 
fits and Internet Service Providers all look vul- 
nerable to Cringely. Even if they adopt UWB 
in order to compete, he asserts, the value of 
their old infrastructure will drop to zero. 

Time will tell if he is right but there’s lit- 
tle doubt over the basic capabilities of 
UWB; it is a promising technology that is 
likely to deliver the required performance. 
Small size, low cost and low power con- 
sumption are all believed to be achievable, 
whilst interference issues have potential 
solutions. Best of all, the potential market 
is extremely sizeable. 


APPLICATIONS 
Ultra-wideband could: 
@ Help cars avoid collisions by sensing the 
location and speed of oncoming vehicles. 
@ Allow police to detect the movements of 
a hostage-taker through a wall. 
@ Spawn wireless home networks, linking 
cable set-top boxes or computers. UWB 
goes a step beyond Bluetooth and other 
current short-range wireless systems by 
transmitting video and other high-band- 
width content. It can wirelessly download 
video from a camcorder to a TV. 
@ Track the precise location of retail prod- 
ucts in stores or keep track of military 
equipment. 
@ Provide low-cost security systems that 
distinguish between a pet and an intruder. 
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Special Feature 


WHO REALLY INVENTED 
THE TRANSISTOR? 


ANDY EMMERSON 


Conflicting claims and some revisionist history. 


old USSR were kept busy rewriting history, either deleting 

from the roll of honour all reference to heroes of the people 
now fallen from grace or ascribing the credit for every modern mir- 
acle to obscure communist pioneers. 

This time, however, it’s the Americans under fire for falsifying 
history and the subject is the invention of the transistor. The 
received wisdom is that William Shockley, John Bardeen, and 
Walter Brattain invented this device in 1947 and of that there can 
surely be no doubt. But there is, and the colourful claims and coun- 
terclaims make some fascinating reading. 

One fact is not in dispute, that the achievement of Shockley, 
Bardeen and Brattain was responsible for kick-starting the solid- 
state electronics revolution and the age of computerised informat- 
ics. To decry their role in transforming electronics would be both 
churlish and crazy, but the claim that they pioneered solid-state 
amplification has no substance at all. 


RECEIVED VERSION 


Before we go back to the dark ages, let’s examine the standard 
version of transistor history, courtesy of Andrew Wylie, who has set 
up an excellent website (see later) devoted to early transistor 
devices. He states: 

“The transistor was invented at Bell Laboratories in December 
1947 (not in 1948 as is often stated) by John Bardeen and Walter 
Brattain. ‘Discovered’ would be a better word, for although they 
were seeking a solid-state equivalent to the vacuum tube, it was 
found accidentally during the investigation of the surface states 
around a diode point-contact. The first transistors were therefore of 
the point-contact type. William Shockley, the theorist who was lead- 
ing the research, knew at once that this was not what he was seek- 
ing: at the time he was trying to create a solid-state device similar 
to what we now call a junction field-effect transistor. 

Bell Labs kept their discovery quiet until June 1948 (hence the 
confusion about the date of discovery). They then announced it in a 
fanfare of publicity, but few people realised its significance, and it 
did not even make the front page of the newspapers. Shockley basi- 
cally ignored the point-contact transistor, and continued his 
research in other directions. He modified his original ideas and 
developed the theory of the junction transistor. In July 1951, Bell 
announced the creation of such a device. In September 1951 Bell 
held a transistor symposium, and licensed their technology for both 
types of transistor to anyone who paid the required fee of $25,000. 
This was the start of the transistor industry that has changed the 
way that we live, in the Western world at least.” 


ALIEN EFFORTS 


However, an entirely different origin has been proposed by Jack 
Shulman, president of the American Computer Company. Frankly, 
his theory is pretty fantastic but it makes a rattling good read if 
nothing else. Here’s what he says. . . 

“T grew up in the household of the head of Bell Labs, so I knew 
that there was something strange about the transistor because I 


Be the fall of the Soviet Union the state educators of the 
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The assembly which was previously thought to be the first- 
ever transistor, created on 23 December 1947. The photo 
scale is approx. twice life size. Courtesy of Bell Laboratories/Lucent 
Technologies. 


knew Bill Shockley, and Bill Shockley was something of a witless 
buffoon. There’s no way he could have invented the transistor. 

The symbol for the transistor is made up of three pieces: positive, 
positive and negative; or negative, negative and positive...silicon 
dioxide doped with arsenic and boron, in 1947. Now, in 1947, dop- 
ing things with boron was not easy. It required the sort of equip- 
ment that even Bell Labs in 1946 did not possess. They had this type 
of equipment at Lawrence Berkeley Laboratories, but it would have 
taken thousands and thousands and thousands of man-hours to 
invent the transistor. 

If you look back at it historically, what AT&T was claiming was 
that one day this ‘genius’, William Shockley, was working with a 
rectifier; he looked at it and he noticed it had unusual propensities, 
and there, bingo, he invented the transistor! He figured it out right 
there! 
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Anybody believe that story? Me neither. And I knew, because the 
administrative head of the transistor project was Jack Morton — the 
man at whose house I was staying to go to school and whose sons 
I was friends with. He often commented on the fact that it was real- 
ly a shame that those three idiots got responsibility for the transis- 
tor and he didn’t.” 

Mr Shulman goes on to claim that the transistor’s real origin lies 
in technology recovered by the US Air Force from an alien space- 
craft recovered at Roswell, New Mexico in 1947. It’s extremely 
controversial stuff and contrary to all received wisdom — but quite 
amusing of you don’t take it too seriously. Let’s move on rapidly, 
back down to earth and to minerals in particular. 


START OF SILICON 

It was in 1906 that the G. W. Pickard of Amesbury, 
Massachusetts perfected the crystal detector and in November of 
that year took out a patent for the use of silicon in detectors (see 
Fig. 1). Arguably this was the start of the silicon revolution and it 
did not take long before experimenters achieved amplification 
using crystal devices, long before the term transistor was devised. 

Solid-state electronics were born even earlier, when Ferdinand 
Braun invented a solid-state rectifier using a point contact based on 
lead sulphide in 1874. But it’s to Pickard that the credit goes for 
discovering that the point contact between a fine metallic wire (the 
so-called “cat’s whisker”) and the surface of certain crystalline 
materials (notably silicon) could rectify and demodulate high-fre- 
quency alternating currents, such as those produced by radio waves 
in a receiving antenna (what Pickard called a “wave-interceptor’’). 
His crystal detector (point-contact rectifier) was the basis of count- 
less crystal set radio receivers, a form of radio receiver that was 
popular until the crystal detector was superseded by the thermion- 
ic triode valve. 

By its nature the crystal rectifier was a passive device, with no 
signal gain. But radio historian Lawrence A. Pizzella WRO6K notes 
anecdotal stories of shipboard wireless operators in the second 
decade of the 20th century achieving amplification using a silicon 
carbide (carborundum) crystal and two cat’s whiskers. He cites a 
taped interview made in 1975 with Russell Ohl at his home in Vista, 
California in which claims of signal gain were made. This is an 
excerpt from Ohl’s testimony: 

“He gave me a copy that he had of . . . I think it was The 
Electrician. It was a British magazine, one of these big-paged 
things, you know. In it was a translation from a Russian paper in 
which they had used carborundum with two contacts and a battery 
supplying one of the contacts and had gotten a power gain of ten 
times. And this was way back in the 1910s, so the fact that you 
could get a power gain had been known, but it was never put on a 
controlled basis. I knew about it because an operator of the Signal 
Corps back in 1919 had told me that some of the operators used 
carborundum as oscillators for receiving. When I had seen this 
article that Curtis gave me, I was not astounded because I had 
known about this before I ever saw the article. I had heard about it. 

I knew a former first sergeant in the Signal Corps who had lived 
in the boarding house that I lived and he was an expert radio oper- 
ator. He told me a great deal about the use of crystal detectors on 
ships. He told me that professional operators carried two crystal 
detectors with them. One of them was made of carborundum and 
one of them was something like galena or something of that sort. 
He said the carborundum was used for two purposes. They used it 
in the harbour when they were close to a transmitter to prevent 
burnout. They also used it at long distances with two points. One 
point was excited with a battery and they were able to get long 
wave oscillations out of it and in that we were able to be in long 
wave telegraph stations.” 

Ohl, it should be noted, was the man who invented the silicon 
solar cell in 1941 and discovered during World War II that semi- 
conductors could be doped with small amounts of impurities to cre- 
ate useful new properties. Born in 1889, he was bitten by the radio 
bug at the age of 16 and devoted much of his life to making simple 
radio receivers employing semiconductors. His accidental discov- 
ery of the pn barrier in his work at Bell Telephone Laboratories led 
to the development of solar cells. 


OSCILLATING CRYSTALS 


A fascinating letter to Wireless World in May 1981 under this 
title came from Dr Harry E. Stockman of Sercolab (Arlington, 
Mass.). Then 76 years old, he had lived through the era under dis- 
cussion and provided a valuable summary of “prior art” preceding 
the re-invention of the transistor. His letter had been triggered by a 
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Fig.1. Pickard’s patented crystal detector of 1906 kick-start- 
ed the silicon revolution. 


Sixty Years Ago item in the same periodical recalling an article by 
W. T. Ditcham on crystal oscillation in its May 1920 issue. 

This effect, he stated, was discovered by Dr. W. H. Eccles in 
1910, and remarked: 

“Tt is hard to realize that it took about ten years for practical 
active crystal-diode circuits to appear, in spite of Ditcham’s 
reminder — circuits that included both rf. and a.f: amplification. 
The last one, at the time, was totally unknown to most ‘affectiona- 
dos’, one of them being the author of this letter. Most of the credit 
for creating practical devices (of this kind) goes to O. V. Lossev of 
Russia, whether or not he knew of Eccles’ pioneer work a decade 
earlier. He should have known about it; one has the right to expect 
that he as a qualified scientist was familiar with the world’s scien- 
tific literature.” 

Clarification comes from Lawrence Pizzella, who explains 
how these experimenters created successful amplification tech- 
niques using mineral crystal devices. Lossev, he says, used 
zincite and a steel cat’s whisker with bias to make an oscillator 
and even a low-power transmitter in the early 1920s. This was 
reported in considerable detail in the September 1924 issue of 
Radio News and in the October | and October 8 1924 issues of 
Wireless World. Hugo Gernsback, the editor of Radio News, 
named this the “Crystodyne” and predicted that crystals would 
someday replace valves in electronics. All details needed to 
duplicate these circuits to make a tunnel diode oscillator are in 
these articles. A German book by Eugen Nesper described an 
oscillating detector circuit in 1925 too, using zincite and a bias 
voltage of 8 to 14 volts. 

With so much information in print it’s inconceivable that the Bell 
Labs team were unaware of these techniques. But in any case 
Pizzella says Russell Ohl showed William Shockley his radio using 
crystal amplifiers several years before the transistor’s alleged 
invention in 1947. Shockley is also quoted (in Crystal Fire by 
Riordan and Hoddeson) as saying that seeing Ohl’s radio convinced 
him that an amplifying crystal could be made. 
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FIRST FET 


Another experimenter of this era who deserves far greater credit 
is Dr Julius Lilienfeld of Germany, who in 1926 patented the con- 
cept of a field effect transistor (f.e.t.). He believed that applying a 
voltage to a poorly conducting material would change its conduc- 
tivity and thereby achieve amplification. Lilienfeld is rightly noted 
for his work on the electrolytic capacitor but according to 
Stockman should be recognised also for his pioneering work on 
semiconductors. 

Says Stockman, himself a distinguished author of many books 
and papers on semiconductor physics: 

“He created his non-tube device around 1923, with one foot in 
Canada and the other in the USA, and the date of his Canadian 
patent application was October 1925. Later American patents fol- 
lowed, which should have been well known to the Bell Labs patent 
office. Lilienfeld demonstrated his remarkable tubeless radio 
receiver on many occasions, but God help a fellow who at that time 
threatened the reign of the tube.” 

David Topham GM3WKB adds that Lilienfeld followed his 1925 
(Canadian) and 1926 (American) patent applications for a Method 
and Apparatus for controlling Electric Currents with another grant- 
ed in 1933. Says David: 

“US patent 1,900,018 clearly describes the field effect transistor, 
constructing it using thin film deposition techniques and using 
dimensions that became normal when the metal oxide FET was 
indeed manufactured in quantity well over 30 years later. The 
patent (and subsequent ones) describes the advantages of the 
device over ‘cumbersome vacuum tubes’.” 


MORE PRIOR ART 

The website of Dr Robert G. Adams states that he designed a 
crystal amplifier at the age of thirteen years, when he lived at 
Hastings, New Zealand. A photograph of his set-up along with the 
diagram (Fig. 2) are reproduced here from his website (see later). 

Connections to the two crystals made use of the then-available 
vertical cantilever type cat’s whisker holders, providing stable 
connections to the central junction and input and output points. 


Acarns Crystal Ameuifier 
1a 


Fig.2. The crystal amplifier devised by New Zealander Dr 
Robert Adams in 1933, showing how terminology has 
changed over the years. 


The crystal set built by Adams in 1932 and which took part 
in the invention of the Adams crystal amplifier of 1933. 


40 


Two different methods of interconnection between the two crystals 
gave no apparent difference in performance. Adams stresses that it 
never occurred to him to pursue any patent action simply because 
the invention was already in the public domain. In his view it was 
obviously unpatentable by anybody (Bell Labs notwithstanding). 
Someone who built a similar amplifier of this kind is Canadian 
radio amateur Larry Kayser (VA3LK/WA3ZIA), who spotted a cir- 
cuit for a “novel” crystal radio circuit that exhibited “amplification” 
published in Gernsback’s magazine Radio during the 1932-1934 
period. This, he recalls, used two cat’s whisker probes on a lead- 
mounted galena (PbS) detector. He says he was able to duplicate 
this action in the early 1950s as a young hobbyist and whilst the 
degree of amplification was nothing like that of the first commer- 
cial transistors, it was at least in the order of 3dB or a bit more. 


HISTORY REPEATED 


That was then but this is now. American radio amateur Nyle 
Steiner K7NS was determined to prove or disprove these claims for 
himself — and has succeeded in spectacular fashion. On his website 
he posts technical results, photographs and curve traces of several 
experiments in which he has demonstrably achieved oscillation 
with iron pyrites and even transmitted his voice over the air (a cir- 
cuit for a broadcast band iron pyrites negative resistance oscillator 
is given there). 

“Success with this experiment has been a very exciting experi- 
ence for me as it represents the ability to build a simple homemade 
active semiconductor device. It is almost like making your own 
homemade transistor. This is an actual realisation of some very old, 
and esoteric 1920s experiments by Eccles, Pickard and Lossev, that 
were so vaguely reported in a few articles that I have often won- 
dered if in fact it had actually been done. Even so, I have always 
had an extreme fascination with those reports of being able to pro- 
duce a continuous wave rf. signal from a crude semiconductor 
material back in the very early days of radio.” 

Other experiments of his show an oscillator based on zinc ferrite 
and an n-type negative resistance device, similar to a tunnel diode, 
created by touching a piece of galvanized steel wire against a piece 
of aluminium. As Nyle says, 

“This project may not be very practical but I find it to be a very 
exciting experience.” 


HISTORIC CONCLUSION 


The more you study the history of invention, the fewer examples 
you find of entirely new devices conceived and perfected by one 
individual in isolation. History loves heroes and people prefer sim- 
ple stories, regardless of inconvenient facts. 

It’s perfectly clear that Bell Labs didn’t invent the transistor, they 
re-invented it. The fact that they totally failed to acknowledge the 
pioneer work done by others can be explained by human nature — 
pride, arrogance, ignorance or plain self-interest. It’s perfectly true 
that the world wasn’t ready for previous incarnations of the transis- 
tor but that was no reason for denying that Lilienfeld patented the 
original solid-state triode oscillator/amplifier well before others 
claimed all the credit. But that’s life; it was not the first time and 
doubtless not the last. 
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Constructional Project 


WIND SPEED — 


METER 


JOHN BECKER 


Using ultrasonic techniques, this 
solid-state design has no moving parts 
and does not need calibrating 


is intended for use in a variety of 

sports-type activities, such as track 
events, sailing, hang-gliding, kite and 
model aircraft flying, to name but a few. It 
can even be used to monitor the conditions 
in your garden. 

A probe is pointed in the direction from 
which the wind is blowing and a screen 
displays the rate at which the wind is mov- 
ing between two ultrasonic sensors. The 
readout is shown on an alphanumeric liq- 
uid crystal display (1.c.d.), with readings in 
metres per second, feet per second, kilo- 
metres per hour and miles per hour. The 
resolution is to the nearest tenth of a metre 
per second, from zero up to around SOmph, 
and possibly higher. 

The design is one of two spin-offs from 
the author’s wish to design a totally solid- 
state (no moving parts) Weather Centre in 
which several environmental criteria are 
monitored and logged, wind speed and 
direction, humidity, barometric pressure, 
temperature, rainfall, light and UV intensi- 
ties, air humidity and soil moisture con- 
tent. The design will be published in a few 
months time. 


LET THE WIND 
BLOW FREE! 


Having designed the Weather Centre, it 
became necessary to prove that the ultra- 
sonic wind speed sensing technique (more 
on this presently) was indeed viable. The 
obvious method was to mount it on a car 
and compare the car’s speedometer with 
the Weather Centre’s l.c.d. readout. 
However, it was felt that the Centre’s size 
was too great for this and could well prove 
the undesirable proximity of flashing blue 
lights and ee-aw sirens behind the car! 

Consequently, the wind speed sensing cir- 
cuit was constructed on its own, mounted in 
a small enclosure which was then unobtru- 
sively positioned outside the car’s window 
and comparative readings taken (spouses 
come in very handy for such things!). 

The system was accurate up to about 
25mph, and then began to fall off rapidly. 


T: wind speed meter (anemometer) 
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It was concluded that the aerodynamics of 
the car began to take effect above this 
speed and it was decided to construct the 
second spin-off design — a wind tunnel. 

An assembly comprising a cardboard 
tube and an electrically controlled fan was 
built. The fan had a known rate of air flow 
per minute, the tube had a known cross- 
sectional area and thus the airflow rate 
across the ultrasonic sensors was calculat- 
ed and compared against the monitor’s 
readings. By providing the fan with a 
speed control, its revolutions per minute 
were varied, and again comparative calcu- 
lations and readings were made. 


PRECISION CHECKING 


It all seemed fine, although there was a 
bit of uncertainty about whether the fan’s 
rotational rate linearly changed the air flow 
rate. Then, unexpectedly, two professional 
wind speed monitors were made available 
to the author. 


First, EPE contributor and schematic 
artist Andy Flind lent the author a hot 
wire/thermistor (thermal) anemometer 
which he had bought second-hand and uses 
in kite flying competitions. 

Also, Mike Tooley, author and editor of 
EPE’s sister publication the Electronics 
Service Manual, arranged for the author to 
test his and Andy’s anemometers in the 
wind tunnel at Brooklands College, Surrey, 
where Mike is a senior tutor in electronics. 
That wind tunnel is used by the College’s 
aeronautical department. The readings on 
all three units corresponded. 

Using Andy’s meter as a reference, the 
author’s anemometer and wind tunnel 
were further developed. 


WIND SPEED SENSING 


Several techniques for measuring wind 
speed exist. The mechanical rotating 
assemblies with three cups are probably 
the most familiar. These are frequently 
seen along the verges of roads, used for 
localised meteorological monitoring. The 
technique is also used in commercial 
weather centres on general sale to the pub- 
lic. It has featured in previous weather cen- 
tres designed by the author and others 
(Teach-In 2002, Part 7, May °02, was the 


Prototype Wind Speed 
Monitor with hand-held ultrasonic 


sensor assembly on a T-Brax shelf support. 


Other mounting techniques can be used. 


Everyday Practical Electronics, January 2003 


monitored and _ the 
resulting meter read- 
out shows the equiva- 
lent wind — speed. 
Generally speaking, 
such systems have too 
much friction to 
respond to slow wind 
speeds. 

The author has not 
experimented with 
thermal sensing, but 
he has _ previously 
tried various pressure 
sensing techniques to 
monitor wind speed. 
Regrettably, the pres- 
sure sensing transduc- 
ers inexpensively 
available on the hob- 
byist market proved to 
be too insensitive to 
slow wind speeds. 


Commercial thermal anemometer lent to the author by 


Andy Flind. 


last time it was demonstrated, thanks to 
Ian Bell and Dave Chesmore). 

S-shaped rotational mechanisms are 
frequently seen as well, rotating at speeds 
relative to wind movement. They are typi- 
cally used in an advertising capacity out- 
side petrol filling stations. The author used 
the technique in his Met Office design of 
about eight years ago. 

In the thermal technique just mentioned, 
a component (typically a thin wire) is heat- 
ed and the amount of heat loss caused by 
air moving across it is sensed and com- 
pared with the heat generated by an 
enclosed reference source. Andy’s meter 
appeared to use a tiny and delicate ther- 
mistor arrangement in its directional probe 
(see photo). Such sensors are likely to be 
priced well above the pockets of most 
readers. 

Pressure sensing techniques are used in 
high speed air flow applications, such as in 
aircraft. With the Provost jet trainer in the 
Brooklands College workshops, a rigid 
tube is mounted in the leading edge of one 
wing, running back inside the wing to a 
pressure sensor mounted in the fuselage. A 
second sensor compares the air flow pres- 
sure with atmospheric pressure monitored 
in a wind-tight enclosure. 

This arrangement provides data about the 
aircraft’s speed through the air, but not in 
relation to the ground, for which other tech- 
niques are required, such as radar and GPS 
(Global Positioning Satellite) systems. 


PROPELLOR UNITS 


There are neat little (but quite expen- 
sive) handheld units in which a propellor is 
rotated by the wind. The rate at which the 
propellor rotates is metered to display the 
equivalent wind speed. The propellor is 
mounted on precision low-friction bear- 
ings to allow very slow wind speeds to be 
sensed. Typically, internal blades mounted 
as extensions to the propellor shaft break a 
light beam aimed at an optical sensor, and 
the number of pulses generated is counted 
across fixed periods of time. 

Some small d.c. motors can have pro- 
pellors mounted on them, and the wind- 
activated rotations cause an output voltage 
to be generated. The voltage peaks are 


BI-MIORPHS 

It did look for a 
while as though bi- 
morph elements might be usable. These 
are a type of strain gauge, made from thin 
piezo-electric rod which generates a volt- 
age across two output wires when subject- 
ed to bending. The voltage generated dur- 
ing the bending depends on the rate at 
which the stress of bending changes. 
Attaching a scope probe to one in the 
workshop, voltages in excess of 5OV were 
generated when just minor finger pressure 
was applied, much to author’s astonish- 
ment, having expected just a few milli- 
volts! 

Bi-morphs, though, proved to be too 
uncontrollable for a wind speed sensing 
application. They are also fragile, which 
would have made their mounting difficult. 


ULTRASONIC SENSING 


For some years the author has been 
determined to find a way in which a solid- 
state wind speed sensor could be designed. 
Having eliminated the techniques just dis- 
cussed, either because they are mechani- 
cal, too insensitive or too fragile, his atten- 
tion turned to the use of sound. You are 
probably aware that sound travels through 
dry air at a speed of 750 miles per hour, 
331-4 metres per second, at standard tem- 
perature and pressure (STP), effectively 
15°C at sea level with an atmospheric 
pressure of 1013-2 millibars. 

If the air is moving, the rate at which 
sound reaches a listener from its source 
varies with the direction in which the air 
mass is flowing — faster if the wind is com- 
ing from the same direction as the sound, 
slower in the opposite direction. 

The time it takes for a sound to travel 
between a source and a receiver can be 
easily measured. Knowing the basic speed 
of sound under specified conditions, the 
rate at which the air mass is moving can be 
calculated from the measured timing. 
When using a single source and receiver, 
for the answer to be meaningful, of course, 
the wind must be moving directly in line 
with them. In practice, it does not matter 
whether the wind flows towards or away 
from the source, electronic techniques can 
compensate accordingly. 

As will be demonstrated in the forth- 
coming Weather Centre, if several sound 
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sources and receivers are used at different 
angles to each other in a fixed location, the 
direction of the wind can also be calculat- 
ed as well as its speed. 


PRACTICAL 
SOUNDINGS 


The use of an audio sound source and 
receiver would not be practical since such 
a system would be subject to interference 
from many extraneous sounds. Ultrasonic 
methods, though, are much less suscepti- 
ble to interference. Having searched the 
Web, the author found that there are indeed 
commercial wind speed and direction sen- 
sors that use ultrasonic techniques. One 
such is shown in the photograph below. It 
operates at 200kHz. 


CAT1/2 solid-state ultrasonic wind 
speed and direction sensor. Photo 
Courtesy www.apptech.com/cati2.htm, Applied 
Technologies, Inc. 


The wind’s directional sensing will be 
discussed in the Weather Centre, but the 
speed assessment is easy to understand. 
Imagine two ultrasonic transducers facing 
each other across a known distance. One 
shoots a pulse at the other and the time it 
takes for the signal to cross between the two 
is measured. Using a sufficiently fast timer, 
times can be measured in microseconds. 

Ensuring that the transducers are in line 
with the wind direction, the wind’s speed 
can be readily calculated from the timing 
value. However, the answer only holds true 
if the air conditions are those specified at 
STP. The answers will differ if the condi- 
tions differ. 

There is very simple technique that 
essentially allows the changes in air condi- 
tion to be nullified. A signal is shot from 
transducer | to transducer 2 and a timing 
measured. Immediately, the roles of the 
transducers are reversed — now transducer 
2 shoots the signal and transducer 1 
receives it, and again a timing is recorded. 

Two methods can then be used to estab- 
lish the wind speed. In the first, an average 
is taken between the two timings. This pro- 
vides the current speed of sound existing 
in that location under those conditions. 
Knowing the current speed of sound and 
the distance between the transducers, 
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TO IC1 
RA2 


*, 
SEE TEXT 


Fig.1. Ultrasonic transmission and reception circuit diagram for the Wind Speed Meter. 


either of the two individual timings can be 
used to calculate the rate of air flow 
between the transducers. At a stroke, tem- 
perature, density and pressure as specific 
values become irrelevant. 

It is worth noting that temperature is the 
main factor that causes a change in the 
speed of sound. One source states that if 
the speed of sound is 332m/s at 0°C, it will 
be 344m/s at 20°C and 386m/s at 100°C. 
Thus there is a change of only 3-5 per cent 
across a temperature range of 20°C. The 
effects of humidity and _ barometric 
pressure are insignificantly small by 
comparison. 

The other technique, which for most 
practical situations is just as good, is to 
simply take the difference between the two 
timings and from this the equivalent wind 
speed can be calculated, each unit of dif- 
ference representing a given value of speed 
change. 

Both techniques are easy to implement 
with an accurately controlled ultrasonic 
pulse source and timer. It is also facilitated 
by the fact that even low cost ultrasonic 
transducers can be interchangeably used as 
transmitters and receivers. Although they 
are specifically designated as being a trans- 
mitter, or a receiver, under pulsed condi- 
tions and using a suitable circuit they can 
be used as either. 

Indeed, in some echo sounding applica- 
tions, where the time between the trans- 
mission and reception is comparatively 
long, only one transducer is needed, acting 
as both transmitter and receiver. 

It is ultrasonics and the second calcula- 
tion technique that are used in this design. 


ULTRASONIC CIRCUIT 


transducer X3. This transducer transmits 
the pulses across a gap of several centime- 
tres to the second transducer, X4, which 
receives the pulses and routes them to IC3 
pin 12. The pulses, which are much attenu- 
ated by their journey, pass through IC3 to 
pin 13 and to the analogue amplification 
circuit formed around op.amps IC4a and 
IC4b. A MAX412 op.amp was used in the 
final circuit, but an LM358 was also found 
to be satisfactory. 

When IC3 pin 10 is held high, the pulses 
are routed from IC3 pin 3 to pin 5, and this 
time out to transducer X4. Now transducer 
X3 receives them and they pass via pin 14 to 
pin 13 and so out to the amplifier. 

From IC3 pin 13, the received pulses are 
a.c. coupled via capacitor C5 to the first 
amplifier, IC4a. A gain of about 100 is pro- 
vided by this stage, as set by the values of 
resistors R3 and R6. The signal is then a.c. 
coupled by C7 to the stage around IC4b. 
Here the gain can be varied between about 
x0-5 and x10, as controlled by preset VR2. 
The potential divider formed by R4 and R5 
applies mid-rail bias to the non-inverting 
inputs of the two op.amps (pins 5 and 3 
respectively). 

The final gain stage is provided by tran- 
sistor TRI. Its base (b) is biased normally 
low by resistor R9, so holding it in a 
turned-off condition. The output from IC4b 


is a.c. coupled to TRI by capacitor C8. 
Any positive-going pulses from C8 which 
exceed about 0-6V turn on TR1, causing a 
full line-level negative-going pulse at its 
collector (c). This pulse is coupled via 
resistor R11 back to the PIC. 

For reasons unknown, the PIC16F628 
microcontroller used in this design would 
not respond correctly when R11 was 
replaced by a direct link wire. A 1OpF 
capacitor (C9) was also found necessary 
between the collector and the OV line. This 
was discovered by accident when using an 
oscilloscope probe, which itself has a cir- 
cuit capacitance of about 10pF. 


CONTROL CIRCUIT 

As shown in the control circuit diagram 
of Fig.2, the PIC16F628 microcontroller 
(IC1) is responsible for generating and 
sending pulses to the ultrasonic transduc- 
ers, and for timing the return of the 
received signal. The results of its calcula- 
tions are output to the 2-line 16-character 
alphanumeric l.c.d., X2. This is operated in 
4-bit control mode, with its screen contrast 
adjustable by preset VR1. 

The PIC is operated at 20MHz as set by 
crystal X1 in conjunction with capacitors 
C3 and C4. It can be programmed in situ 
via connector TB1, whose pins are in the 
author’s standard order suited to 


TO IC3 PIN 10 
(MUX) 

TO IC3 PIN 3 
(osc) 


The circuit diagram for the ultrasonic 
transmission and reception functions is Ne 
shown in Fig.1. The two transducers are its 
shown as X3 and X4. As just said, they are op eg = 
both used interchangeably as transmitter RB3 
and receiver. Analogue multiplexer IC3 
selects the mode in which the transducers 
are used. 

The transducers operate at the usual 
ultrasonic frequency of 40kHz. The trans- 
mission pulses are generated by a PIC 
microcontroller, which is described 
presently in relation to Fig.2. The route that 
the pulses take through IC3 is selected by 
the logic level applied to its pin 10, also 
controlled by the PIC. 

When pin 10 is held low, the pulses are 
routed from IC3 pin 3 to pin 1, and out to 


TOCKI/RA4 TO R11 
OSC1/CLK IN 


TBI CONTRAST 
MCLR OV DATA CLK 


Fig.2. Circuit diagram for the control and display functions. 
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programming by Toolkit TK3. Note, how- 
ever, the comment later about program- 
ming brand new PIC16F628 devices. 


POWER SUPPLY 

It is intended that a 9V PP3 battery 
should be used to power this design, 
although any d.c. supply between 7V and 
about 15V could be used. The input volt- 
age is regulated down to S5V by regulator 
IC2. 

Capacitors C1 and C2 encourage stabili- 
ty in the power lines. Current consumption 
in the prototype is about 14-5mA. 


TRANSMISSION 

In the transmission routine (SONICTX) 
the PIC sends a quantity of pulses whose 
cycle period is the equivalent to a 40kHz 
pulse train. The quantity to be sent is stored 
in the PIC’s data EEPROM and can be 
adjusted by the user (see later). The proto- 
type requires just two pulses to activate the 
transmission transducer. 

Immediately prior to transmission, mul- 
tiplexer IC3 is set to route the transducers 
to become transmitter and receiver in the 
order required. The PIC’s Timer | is then 
stopped, reset and restarted. The pulses are 
then sent. 

There follows a brief “masking” pause 
before the PIC starts expecting the return 
signal. This allows the amplifier circuit to 
stabilise in the event of any capacitively 
induced “ringing” which can be triggered 
during the transmission. The masking peri- 
od value is stored in the PIC’s data EEP- 
ROM and is set at 80 loop cycles in the 
prototype, but can be adjusted if required 
(see later). 

Following the masking period, the PIC’s 
interrupt function is activated and the pro- 
gram enters a holding loop from which it 
will only exit if an interrupt signal is gen- 
erated, or the timer overflows. 

The received and amplified signal from 
transistor TRI is fed via resistor R11 to the 
PIC’s pin RBO. This is set as an input and 
a signal change on it causes an RBO inter- 
rupt to be generated. Using a modification 
of one of Malcolm Wiles’ interrupt pro- 
cessing routines published in the Mar-Apr 
°02 issues (Using PIC Interrupts), the 
interrupt causes the Timer | counter to 
stop, the interrupt function to be turned off, 
and an exit made from the holding loop. 

The timer value is now read and stored 
into one of two memory locations, depend- 
ing on which transducer is doing the 
receiving. 


ROLE SWAPPING 


The roles of the transducers are then 
swapped through IC3, and the same trans- 
mission/reception routine is repeated. 
Having received the second timing, a cor- 
rection value is added or subtracted accord- 
ing to another value which is stored in the 
data EEPROM, and which can also be 
adjusted by the user (again see later). 

The difference between the two timings 
is then found by subtraction, inverting the 
result if a negative value is created. A 
check is then made to see if the answer is 
within a reasonable maximum range. If it is 
not, the result is limited to an increase of 
16 above the previous value received. This 
helps to damp the effect of any extraneous 
sounds within the 40kHz range that might 
be picked up by the receiving transducer. 


The answer is 
stored into one of 16 
double-byte memory 
locations accessed 
cyclically and from 
which an average 
value is calculated 
from all 16 values 
stored. This result is 
then stored into a sec- 
ond memory block, 
from which a further 
average can be calcu- 
lated if the user 
requests it via panel- 
mounted pushswitch 
S3. 

Following storage 
of each final result, 
calculations of wind 
speed are made and 
displayed on the lL.c.d. 
There follows a brief 
pause, after which the 
next pair of transmis- 
sions and receptions 
is triggered and 
processed. The over- 
all sampling rate is 
about 3Hz. 

A screen dump 
image of the wave- 
forms created by this 
design is shown in 
Fig.3a. It was cap- 
tured using the 
author’s PIC Dual 
Channel Scope of 
Oct. ’01. 

The vertical line in the upper trace 
shows the transmission (TX) pulse. The 
second trace shows the “ringing” generated 
through IC4 by the pulse, followed by a 
delay as the pulse crosses to the receiving 
transducer. Then occurs the output wave- 
form at IC4b, caused by the amplification 
of the received (RX) pulse. Again note the 
“ringing” generated. 

In Fig.3b and Fig.3c, the schematic 
graphs show the relative points during the 
screen trace at which the masking period 
ends (monitored at IC1 pin RAO), and at 
which the interrupt routine captures the 
amplified pulse (monitored at IC] pin 
RA3). 


SOFTWARE 


The PIC program software is available 
for free download from the EPE ftp site. It 
is also available from the Editorial office 
on 3-5in disk, for which a small handling 
charge applies. Details of obtaining the 
software, and preprogrammed PICs, are 
given in this month’s Shoptalk column. 

There are three software files, suffixed 
ASM (TASM grammar), HEX (MPASM) 
and OBJ (TASM). The MPASM hex file 
has configuration and data EEPROM val- 
ues embedded in it. If the OBJ file is 
used, the PIC has to be configured sepa- 
rately (crystal HS, WDT off, POR on) 
and the data EEPROM values set manu- 
ally during the value correction process 
that will be described shortly. Note that 
the unit may respond unpredictably until 
the values have been installed following 
OBJ programming. 

The values are decimal 2, 80 and 0, to be 
stored at EEPROM locations 0, 1 and 2, 
respectively. 
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Fig.3. Waveforms associated with the ultrasonic transmis- 
sion and reception functions. 


TRANSDUCER 
ASSEMBLY 


The ultrasonic probe assembly is shown 
in the first photograph. This is only a sug- 
gested arrangement and other mounting 
techniques could be used instead. The 
author used a 10-inch T-Brax shelf support. 
This was found to be shaped so that it felt 
comfortable in the hand. It also allowed the 
transducers to be secured using cable ties 
and holt-melt glue (see photo below), 
delivered from an inexpensive “gun” avail- 
able from d.i.y. centres. A handle could be 
fitted if preferred. 

The distance between the transducer 
faces in the prototype was set to about 
7-3ins (18-Scms) but the distance is not 
critical and a fraction either way does not 
matter. 

The transducers used in the prototype 
were the standard front-facing open-mesh 
type, available from many component sup- 
pliers. Fully enclosed waterproof types 
were tried but it was found that they were 
not satisfactory in this application. 


Transducer secured to probe mount 
using a cable tie and hot-melt glue. 


47 


Investigation showed that their transmis- 
sion/reception surfaces can cause signifi- 
cant “ringing” in the response, disrupting 
the pulse shaping. 

No attempt was made to waterproof the 
open-mesh transducers. It might be possible, 
though, to cover them using the end section 
of a finger from a thin latex glove or similar. 
Perhaps even cling-film might be usable. 

It does not matter in which order the trans- 
ducers are mounted and connected. Although 
supplied as a pair comprising one transmitter 
and one receiver, as explained earlier, they 
are used interchangeably in both capacities. 


COMPONENTS 


Resistors 
See 


SHOP 
10k (4 off) TALK 


a (2 off) page 71 


4k7 


1k (2 off) 
47k 


Potentiometers 
VR1 10k min. preset, round 
VR2 100k min. preset, round 


Capacitors 

C1, C2, 
C6, C8 100n ceramic, 5mm pitch 

(4 off) 

C3, C4, C9 10p ceramic, 5mm pitch 
(3 off) 

100p ceramic, 5mm pitch 

1n ceramic, 5mm pitch 


C5 
C7 


Semiconductors 
D1 1N4148 signal diode 
IC1 PIC16F628-20 
microcontroller, 
pre-programmed 
(see text), 2OMHz 
78L05 +5V 100mA 
voltage regulator 
4052 2-pole 4-way 
analogue multiplexer 
MAX412 or LM358 dual 
op.amp. (see text) 
BC549 or similar npn 
transistor 


IC2 
IC3 
IC4 
TRI 


Miscellaneous 

min. s.p.s.t. (or s.p.d.t.) 
toggle switch 

min. s.p. push-to-make 
switch (2 off) 

x1 20MHz crystal 

X2 2-line 16-character (per 
line) alphanumeric 
l.c.d. module 

40kHz ultrasonic 
transducer (2 off, 
matched 
transmitter/receiver 


pair) 


$2, S3 


X3, X4 


Printed circuit board, available from 
the EPE PCB Service, code 380; 8-pin 
d.i.l. socket; 16-pin d.i.l. socket; 18-pin 
d.i.l. socket; 1mm terminal pins or pin 
header strip; 9V PP3 battery and clip; 
p.c.b. supports (4 off); plastic case, 
150mm x 80mm x 50mm; metal support 
for transducers, about 260mm (see text); 
cable ties; nuts and bolts to suit |.c.d. 
module; connecting wire; solder, etc. 


£30 


excl. batt. 


Approx. Cost 
Guidance Only 


ON/OFF 


TO BATTERY B1 
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2-8in (71-1mm) 


2:3in (58-4mm) 


Fig.4. Printed circuit board component layo 
pattern for the Wind Speed Meter. 


Screened stereo cable was used for the 
transducer connections back to the board, 
simply because it was to hand. It is thought 
that the screen is unnecessary and that any 
type of 4-way cable could be used. If the 
common OV _ connections are made 
between the transducers on the probe 
assembly, 3-way cable could probably be 
used. However, these two alternative 
wiring techniques have not been tested. 

At the unit end, the cables were passed 
through a hole in the box and soldered to 
the p.c.b. Plug and socket connections were 
tried, but were found to be unreliable, fre- 
quently causing signal disruption. 


CIRCUIT 
CONSTRUCTION 


Component and track layout details for 
the Wind Speed Meter are shown in Fig.4. 
This board is available from the EPE PCB 
Service, code 380. Assemble in any order 
you prefer, but it is suggested that you do 
so in order of ascending component size. 
Don’t overlook the four link wires. 

Use sockets for the dual-in-line (d.i.1.) 
i.c.s but do not insert these i.c.s until you 
have made sure that the power supply is 
functioning correctly. Ensure that polarity 
conscious components, i.e. D1, TRI and 
IC2, are inserted the correct way round. 


ut and full-size copper foil master track 


Insert 1mm terminal pins or pin-headers 
for the off-board connection points. Note that 
the TB1 and TB2 pins are in the author’s 
standard order. The lI.c.d. is connected to the 
pins for TB1, and typical pin arrangements 
for the l.c.d. itself are shown in Fig.5. Do not 
connect the I.c.d. until you have checked the 
power supply. Connection of the ultrasonic 
transducers can be made now, but may be left 
until later if preferred. 

Having assembled the board and _thor- 
oughly checked the correctness of the com- 
ponent positions, their orientation where 


Fig.5. The two “standard” |.c.d. module 
pinout arrangements. 
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Prototype p.c.b. assembly. The changes visible have been incorporated on the final 


p.c.b. 


appropriate, and the quality of your solder- 
ing, switch on the battery. Immediately check 
that +5V (within a few percent) is present at 
the output of voltage regulator IC2. If not, 
immediately switch off and correct any 
assembly error. Always switch off the power 
before making any changes on the board. 

Then insert the remaining i.c.s, ensuring 
that they are the correct way round, and 
connect the l.c.d. module. The l.c.d., IC1 
and IC3 are CMOS devices and the usual 
handling precautions should be observed, 
touching a grounded item of equipment 
before handling them, to discharge static 
electricity from your body. 

The PIC microcontroller, IC1, should 
have been preprogrammed, either purchased 
as such, or via a suitable programmer. 

Although PIC programming connections 
have been provided on the p.c.b., it was 
found that any previously unused (brand 


new) PICI6F628 device could not be 
programmed in situ due to it being con- 
nected to other components. These PICs, it 
seems, need to have their first program- 
ming carried out using a normal PIC pro- 
grammer, such as Toolkit TK3. 

It was found that previously used 
PICI6F628 devices are capable of being 
programmed in situ, and the development of 
this design was carried out in this fashion. 

Switch on power again, and once more 
check the power supply output at IC2. 
Adjust the l.c.d. contrast setting using pre- 
set VR1 until a screen display is seen clear- 
ly. Ignore the immediate details at present. 


DISPLAY VALUES 


When you know that all is well, and if you 
have not already done so, connect the trans- 
ducers. Support the probe assembly so that 
nothing obscures the direct path between the 
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Example of main monitoring display, 
during a slight breeze. 


transducers. The room in which the testing is 
to be done must be free of draughts, so that 
the unit just responds in still air. 

Switch on the power. Four sets of values 
will be seen on the I.c.d., possibly changing a 
bit erratically at present (see above photo). 

On the top line are shown the monitored 
wind speed values in metres and feet per 
second, both having two decimal places to 
the nearest 0-01 value. The maximum inte- 
ger value that can be shown is 99. 

The lower line shows the speed in kph 
and mph, to one decimal place, with a max- 
imum integer value of 999 — good luck if 
you ever see that shown! In fact, it is not 
actually known how high a wind speed the 
unit will correctly respond to, but it should 
be at least SOmph (80kph) and likely to be 
much higher. 

The unknown factor is whether or not at 
really high wind speeds the transducer 
grills, or other aspects of the probe assem- 
bly, might cause interference by generating 
ultrasonics that could affect the amplifier 
response, a bit like wind whistling in tele- 
graph wires, only higher pitched. 

Pressing switch S3 sets the unit into full 
averaging mode, signified by the letters Av 
being shown at the far right of I.c.d. line 2. 
In this mode, the second block of 16 values 
previously mentioned is averaged and the 
calculations use that result instead of the 
immediate value that is shown when aver- 
aging is off, and Av replaced by two blanks 
on screen. Repeated pressing of S3 toggles 
between the two modes. 

Pressing switch S2 selects the Test 
mode, replacing the top line values with 
the actual timing values detected during 
each pair of transmission cycles. These are 
the actual values read from the PIC’s Timer 
1 register. To their right is shown the 
absolute difference between them (without 
+ or — signs). 


Example display when in Test mode. 


It is normal for the values to fluctuate 
slightly. In the prototype they typically 
hover at around 3400, but this value 
depends on the exact distance between the 
transducers. 

The first two values shown were used by 
the author during software development, 
but otherwise have no practical purpose. 
The right hand value is used during the 
unit’s alignment, in the unlikely event that 
this should be found necessary. 

Pressing S2 again once more causes the 
metres per second (m/s) and feet per sec- 
ond (f/s) speeds to be shown. 


ALIGNMENT 


The proof of whether or not corrective 
alignment is needed depends on the value 
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shown at the right of the top line in still air 
conditions, having pressed switch $2 to 
display the test values. First adjust preset 
VRI until the received pulses are being 
adequately amplified, i.e. the displayed 
values are pretty consistent. 

If the right hand value hovers around 0 
to 1, preferably nearer to 0, no correction is 
needed. If it is any greater, though, adjust- 
ment can easily be carried out as described 
in the third of the following three correc- 
tion options: 

Switch off the power and wait for the 
screen display to go blank (supply line 
voltage has dropped to OV). Hold the 
Averaging switch $3 pressed down, switch 
on the power, wait a moment and then 
release S3. 

Screen line 2 will be blank and line 1 
should show the message WIND PULSE 2. 
This states the number of pulses that the 
PIC transmits during each detection cycle. 
Do not adjust this value unless you have an 
oscilloscope to monitor the waveforms 
generated by the PIC. 


Correction mode screen 1. 


Correction mode screen 2. 


Correction mode screen 3, showing 
confirmation that the value has been 
saved. 


Press switch S2 (but not $3). Line | then 
shows WIND MASK 80. Again this value 
should only be changed if you have an 
oscilloscope. It is improbable, though, that 
either of the foregoing values will need 
changing. 

Press switch $2 again (without pressing 
$3), to display CORRECTION -0 (or 0). 
This is the third correction mode, which 
you might need to use. 

The data EEPROM holds the correction 
factor as a value between 0 and 15. Any 
values below 8 are subtracted from 8, and 
the answer is then subtracted from the sam- 
ple values. For example, if the value is 7, it 
is subtracted from 8 and the answer of | is 
subtracted from the samples. 

Conversely, values of 8 and above are 
ANDed with 7 (binary 111) and the result 
is then added to the sample values. Thus if 
the data EEPROM value is 9, this is 
ANDed with 7 to produce a value of 1, 
which is then added to the samples. 

The ANDing process is invisible to the 
user, who only sees the result on screen, 
expressed with or without a polarity sign 
(+ or —) as appropriate. Zero may be 
returned with either sign (or without), 
depending how it has been reached. 
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To change the value, press switch S3. 
The value will decrement (downwards) in 
steps of one, from —1 to —7 for each press 
of $3. It will then show 0, followed by an 
increment (upwards), again in steps of 1 
for each press of S3, from +1 to +7. After 
7, it again shows 0 and decrements to —7, 
etc. 

Having set the value, press S2 and the 
word SAVED will be shown on line 2. This 
confirms that the PIC has stored the new 
value back to the data EEPROM. 

The SAVED message will also appear if 
switch S3 has been pressed with the first 
two correction modes. It is then necessary 
to press S2 to step to the next mode. 

That completes the correction cycle. The 
next press of S2 returns the screen to show 
the wind speed values. 

Note that pressing the switches may 
seem to have a lethargic response. This is 
due to the software continuing to take sam- 
ples between each occasion it looks to see 
if a switch has been pressed. The switch 
must be released before the response 
occurs. 

Should you need to reinstate (or install 
for the first time) the author’s values to the 
EEPROM via the switches, they are Wind 
Pulse = 8, Wind Mask = 80, Correction = 0. 


THIRD CORRECTION 
MODE 


The third correction mode just described 
can be used if the sampling difference 
value at the right of line | is not fairly con- 
sistently showing zero in still air condi- 
tions. The difference is due to the two 
transducers not responding identically 
when used in receiving mode. 

Note the value and then set the correc- 
tion value to cancel it. For example, if the 
difference value consistently shows 5 then 
it needs to be corrected by 5. 

However, the difference value is not 
accompanied by a_ polarity — sign. 
Consequently it may not be immediately 
clear whether 5 needs to added or subtract- 
ed. Try setting first for one polarity, i.e. 5, 
and if that makes matters worse, use +5. 
The object is get the difference value as 
consistently close to zero as possible. 

There will always be a bit of value- 
changing seen, due to the simple nature of 
the transducers and the amplifier. 
Remember that it is an analogue system 
being used for pulse transmission and 
reception amplification. The digital 
aspect, as shaped by transistor TRI and 
read by the PIC through its interrupt func- 
tion, may not necessarily respond each 
time to precisely the same analogue volt- 
age level of the waveform output from 
op.amp IC4b. 


ADVANCED SETTING 


As said previously, it is highly improba- 
ble the Mask and Pulse values will need 
changing. However, readers who have a 
dual-trace oscilloscope might be interested 
to experiment with these two values. 

Several test points have been included 
on the p.c.b., as follows: 

TP1. Connected to PIC pin RAO, which 
goes high following the masking period 
and the PIC starting to “listen”. 

TP2. Connected to PIC pin RAI and 
multiplexer IC3 pin 10 (the pin that con- 
trols the signal routing to and from the 
transducers). 


TP3. Connected to PIC pin RA2 and IC3 
pin 3, carrying the 40kHz output signal 
pulses. 

TP4. Connected to PIC pin RA3, which 
goes high on receipt of signal capture by 
the interrupt routine. 

TPS. Connected to the output (pin 1) of 
op.amp IC4b, allowing the fully amplified 
signal to be monitored prior to being pulse- 
shaped by transistor TR1. 

TP6. Connected to the collector of TRI, 
at which the pulse-shaped signal appears. 

Raw transducer signals can also be mon- 
itored at the p.c.b. points to which their 
leads are connected. 

The most useful scope monitoring that 
can be done is to first connect scope 
Channel | to TP3, and set the scope to syn- 
chronise to positive-going pulses on this 
channel. The 5V transmission pulses being 
sent to multiplexer [C2 will be observed. 
Keep this probe connected to TP3. 

Connect Channel 2 to the active pin of 
each transducer in turn and observe how 
only alternate transmission pulses are seen 
on this channel. With a sufficiently good 
scope set to a high gain setting for Channel 
2, you might just also see the received sig- 
nal being generated on the transducers 
between transmission pulses. 

Monitoring TP2 with Channel 2, the 
multiplex path selection logic pulses will 
be seen. With Channel 2 on TP4, the rela- 
tionship between the occurrence of the 
transmission pulses and the point at which 
the PIC’s masking period ends can be 
observed. The software triggers TP4 at the 
end of the masking period, and just prior to 
the PIC starting to “listen”. 

Monitoring TP5 with Channel 2, 
observe the shape of the received and 
amplified pulse. With sync still on Channel 
1, view Channel 2 on its own. At the start 
of the waveform, the sympathetic reaction 
of the amplifier to the transmission signal 
will be seen as a brief pulse, of about 2V 
peak-to-peak, depending on the setting of 
preset VR2. 

The masking delay allows this pulse to 
be ignored before the PIC starts waiting for 
the true received pulse. This pulse’s occur- 
rence will be seen a little to the right of the 
first pulse, following a “quiet” gap. Note 
how the received pulse is considerably 
lengthened compared to the length of the 
transmission pulse. This clearly illustrates 
the “ringing” of the receiving transducer in 
response to it being hit by the transmission 
pulse. If you expand the scope trace, you 
will probably see that the ringing is at 
40kHz, the frequency to which the trans- 
ducer is most responsive. 

Monitoring TP6 with Channel 2 shows 
how the op.amp output pulse train triggers 
the transistor into full saturation pulses. It 
is the first of these to which the PIC’s RBO 
interrupt responds. Adjust VRI back and 
forth and see how the gain set for IC4b 
affects the transistor’s reaction. 


EXPERIMENTING 


If you want to experiment with the val- 
ues for the transmission pulses and mask- 
ing, the trick is to ensure that the masking 
period does not end too early or too late. 
Secondly, the transmission pulses must 
cause an adequately strong response of 
both transmission and reception transduc- 
ers, yet not cause either to “ring” for too 
long. 
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It is just possible, although unlikely, that 
a single transmission pulse will be ade- 
quate. Probably up to five or so will keep 
the “ringing” within bounds. Two pulses, 
though, were found to be best with several 
transducer units, some from different 
manufacturers. 

The pulse count range is | to 9, followed 
by arollover to 1. The masking value range 
is 1 to 255, followed by a rollover to 1. The 
values are changeable in the correction 
mode by using switch $3. 

If you have PIC programming facilities, 
you can also confirm that the transmitted 
frequency is indeed roughly 40kHz. There 
is a command line in the SONICTX rou- 
tine which has been REMmed (comment- 
ed) out with a semicolon, saying GOTO 
BEAMITW. If you reinstate this line, re- 
assemble and download to the PIC, the fre- 
quency output at TP1 can be monitored on 
a frequency counter. It is a permanent loop 
until the PIC is reprogrammed without the 
additional line. 

Unless you are familiar with PIC pro- 
gram writing, do not attempt to change the 
software’s transmission frequency loop 
values. 

To reinstate the software’s pulse trans- 
mission, REM-out the GOTO BEAMITW 
line again, and reprogram. 

To temporarily speed the rate at which 
pulses are transmitted, switch off the 
power, wait briefly, then, with switch $2 
pressed, switch the power back on. Release 
S2 a moment or two after the power has 
been switched on. In this mode, the PIC’s 
Timer 0 rate is increased, so shortening the 
delay between sending pulses. Normal 
working is resumed next time the unit is 
switched on. 


IN USE 


To use the Wind Speed Meter, point the 
transducer assembly in the direction from 
which the wind is blowing. To avoid the 
possibility that your body may disrupt the 
wind flow, hold the probe somewhat away 
from your body. 

To observe peak wind speeds, the Av 
message on line 2 should be absent. To 
obtain average wind speeds, press switch 
S3 so that Av is shown. The speeds shown 
are the average taken over 16 transmission 
cycles, but updated on each cycle. 

Be aware, as you will soon find, that 
wind is not just the uniform flow of a mass 


of air past a given point. It is full of turbu- 
lence and the eddies within it swirl at dif- 
ferent rates. Turbulence is even more 
prevalent near to fences, buildings, trees, 
and even other people. Where possible, 
take readings while well out in the open. 
Even then, turbulence will still be there. 
The transducers themselves will actually 
cause a bit of turbulence, but not enough to 
radically affect the validity of the readings. 

The best you can hope for with any wind 
speed sensor is to show the speed that 
exists at a given moment in time. The wind 
speed indications given on the weather 
forecasts, for example, represent an aver- 
age in relation to several hours of observa- 
tion or calculation. 

The calculations that relate to long-term 
forecasts will probably be based on baro- 
metric pressure readings, taken at strategic 
points across the countryside and provid- 
ing information on the tightness and 
depth of the isobar ridges. 
You no doubt 
know that the 
tighter the iso- 
bar spacings, 
the stronger 
the winds 
that pre- 
vail. 


It is also worth appreciating that wind 
speeds vary with height. Wind near to 
ground level will flow at a slower rate 
than wind higher above the ground. 
Measurements taken at heights differing by 
only a few metres can be different. 

Although an averaging mechanism has 
been built into the software, always 
observe the meter for several seconds, 
mentally noting the range of values 
between which the readings change. 


NEXT MONTH 


In next month’s issue, the construction 
of a simple wind tunnel will be described. 
This uses the same basic wind sensing cir- 
cuit and software, but additionally includes 
a circuit which controls the rate at which an 
electrical fan rotates, so allowing the rate 
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of air flow through the tunnel to be 
changed. 

The system is ideal for demonstrating 
how air flows around differently shaped 
structures placed within the tunnel. From 
this it is possible to see how winds can 
damage buildings, cause wings to lift 
aircraft, and how important streamlining 
can be for any vehicle, airborne or 
road-based. 

The airflow pattern can be 
enhanced by using an 
equivalent to beekeepers’ 
smoke, which is nor- 
mally created by 
burning various 
traditional 


substances 
(particular types 
of wood and card- 
board) and used to 
pacify bees. More mod- 
ern options will be dis- 
cussed. We do not recommend 
the use of tobacco products to 
create tunnel smoke! 
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Special Feature 


PIC MACROS AND 
COMPUTED GOTOS 


MALCOLM WILES 


Describing two sophisticated programming 
techniques for advanced PIC users. 


ACK in the days of ox carts when the 
B sis: started programming, com- 

puters hardly any more powerful 
than one of today’s PICs filled large air- 
craft hangars, required a dedicated power 
station to run them, ate paper tape (literal- 
ly), and broke down every few minutes. 

The folks who programmed them were 
all technical experts who used all sorts of 
extremely clever and devious program- 
ming tricks to extract the maximum grunt 
they could from these slow and primitive 
beasts. Programs were written in assembly 
language, and programmers would rou- 
tinely do things like write self-modifying 
code, where a program would change its 
own instructions as it went along, as a 
device to minimise the amount of scarce 
memory that a program needed. 

It didn’t take too long for the realisation 
to dawn that many of these clever tricks 
were perhaps not quite so clever after all. 
Programs needed to be updated as require- 
ments changed over time, and bugs that 
only showed up months later needed find- 
ing and fixing. 

It’s pretty hard to maintain a program if 
it’s changing itself all the time and you 
can’t be sure what it is any more. Nobody 
but the expert who wrote it stands any 
chance, and probably not even him if it 
was more than two weeks ago. Always 
assuming he’s still around and can be 
prised away from his latest pet project. 


SPAGHETTI CODE 


Other tricks, like the undisciplined use 
of GOTO instructions to create “spaghetti 
code”, and directly modifying the program 
counter, were also soon identified as very 
good ways to create incomprehensible pro- 
grams, and therefore a Bad Thing. 

Some notions and consensus about 
what constituted “structured program- 
ming” began to emerge. High level lan- 
guages with cleaner control constructs in 
which GOTOs and such were unneces- 
sary were developed, as were computers 
with enough memory and speed to run 
better and more powerful software devel- 
opment tools. Software engineering 
arose as a discipline where programmers 
took care that the products they made 
were designed, structured, clear, 
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documented, compartmentalised, legi- 
ble, testable, and tested, like products of 
other branches of engineering. 

The author watched all this happen, and 
can see that, however painful and slow the 
process was, today’s software development 
techniques are considerably better than 
they were when he started out. It is recog- 
nised that this is not all relevant to micro- 
processors and hobbyists, but nevertheless 
the author reacts with horror to the PIC’s 
computed GOTO, because it incorporates 
so much that his industry learned the hard 
way is bad practice. 

From a software point of view it is easi- 
ly the worst design feature of the PIC16x 
processor core, which otherwise is reason- 
ably clean. He is pleased to see that with 
their new 18F core, Microchip have intro- 
duced a much better way to implement 
data tables. 


PIC-COMPUTED GOTO 

The PIC16x’s computed GOTO is 
most often used to implement data tables 
— to return one of a set of values specified 
by an offset. But it is very hard to use. It 
is necessary to know how the PC (and 
PCL) are updated as instructions are exe- 
cuted — e.g., does the PC point at, before, 
or after the current instruction, and exact- 
ly when is it incremented? It is also nec- 
essary to be conversant with the intrica- 
cies of the PCLATH register, and how 
addresses are formed by the PIC in the 
different cases of: 


a. writing to the PCL register, and 
b. using a CALL or GOTO instruction. 


Things get even more tricky in the case 
of a data table which happens to cross a 
256-byte boundary in memory, because 
then PCLATH base values will need to be 
different in different parts of the table. 
These are not issues that crop up often 
enough in everyday PIC programming for 
most people to have them at their finger- 
tips, so they are more likely to get them 
wrong when they do have to use them. 
PCLATH programming was covered by 
John Waller in his article Using the PIC’s 
PCLATH Command (July ’02) and so is 
not discussed further here. 


Bugs in computed GOTO code are hard 
to find and fix. Errors in programming 
PCLATH will produce a jump to some 
random piece of program memory. What 
happens then depends entirely on what 
happens to be in memory at this random 
address. Any number of unpredictable 
things could happen, but most likely is that 
the PIC will just hang. 

Further, there is no protection if a bug in 
the program causes the table offset to be 
calculated incorrectly. If the offset is off 
the end of the table, then the program will 
also lurch to some undefined address, and 
again the effects are completely unpre- 
dictable. Such behaviour is not at all help- 
ful when trying to debug what is going 
wrong. 

It is suggested that the computed GOTO 
is avoided wherever possible. Storing data 
in the EEPROM is often a better and safer 
alternative, and the data sheets contain full 
example code samples showing how to 
read and write the EEPROM memory 
(note that the necessary code is different 
on the 16x84 compared to the 16F87x and 
the 16F62x). If an EEPROM access is 
wrongly coded, then incorrect data may be 
returned, but at least the PIC should not 
crash horribly. This gives a much better 
chance to find and fix the bugs. 


CALLTAB AND DEFTAB 
MACROS 


If, for some applications, there is no 
alternative to the computed GOTO, per- 
haps because there is insufficient EEP- 
ROM, then the following pair of macros 
are offered as a programming aid. 
CALLTAB and DEFTAB encapsulate the 
access to a data table so that the necessary 
PCLATH programming is done automati- 
cally. The offset supplied for the table 
access is checked, and zero is returned if it 
is outside the scope of the table. 

The macros cope with tables located and 
accessed anywhere in an 8K memory 
space, and also with tables which cross a 
256-byte boundary. Thus when using these 
macros, PIC crashes should not occur. The 
author thinks these macros go some way to 
getting round the weaknesses of the raw 
computed GOTO, at the expense of a little 
efficiency — but it is hoped that most will 
see that as an acceptable compromise. 

The macros are only available for pro- 
grams assembled by MPASM. There is 
unfortunately no good way of doing some- 
thing equivalent for TASM, nor for 
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LISTING 7 


; MPASM file 


; testtabs.asm for PIC16F87x computed goto tables test 


list p=16f877,r=dec 
include p16f877.inc 
; Macros 
CALLTAB macro Tab,idx 
movf idx,W 
LCALL Tab 
endm 


DEFTAB macro ofs,no 
LOCAL __Table 
movwf ofs 
movlw no 
subwf ofs,W 
btfsc STATUS,C 
retlw 0 
movlw LOW __ Table 
addwf ofs,F 
movlw HIGH __ Table 
btfsc STATUS,C 


addlw 1 

movwf PCLATH 
movf ofs,W 
movwf PCL 

__ Table: 

endm 


; load offset into W 


; save offset in ofs 

; no. of entries in table 

; subtract the offset 

; if ‘ofs’ > no entries 

; return 0 

; add Is 8 bits of table 

; addr to offset 

; load ms 5 bits of table 

; addr and if C set from 
previous addition 

; add | for the carry 

; set PCLATH 


; load PCL from ls 8 bits 


; of offset calculation 


movwf TWO 
movlw 3 
movwf THREE 


; read table located in high memory from page 0 


CALLTAB Tab1,ZERO 
movwf ans 

CALLTAB Tab1,ONE 
movwf ans 

CALLTAB Tab1,TWO 
movwf ans 

CALLTAB Tab1, THREE 
movwf ans 


; returns ‘a’ 
; returns ‘b’ 
; returns ‘c’ 


; off end of Table 
; returns 0 


; must use LGOTO here, both because CALLTAB has corrupted 
; PCLATH, and because NEXT is in a different page 


LGOTO NEXT 


; some code running in high memory calling a table in lower 


; Memory 


NEXT: 


org 0x1800 


CALLTAB Tab2,ZERO 
movwf ans 

CALLTAB Tab2,ONE 

movwf ans 

CALLTAB Tab2,TWO 
movwf ans 


; returns ‘Y’ 


; returns ‘Z’ 
; off end of table 
; returns 0 


; verify that we can call Table from here too 


CALLTAB Tab1,ONE 
movwf ans 


; and also Tab3 in very high memory. 


CALLTAB Tab3, TWO 
movwf ans 


#DEFINE BANKO BCF 0x03,5 
#DEFINE BANK1 BSF 0x03,5 ; must use LGOTO here (or reload PCLATH) because 
; CALLTAB has corrupted PCLATH 
STOP: LGOTO STOP 


; Data locations ; loopstop 


equ 0x20 ; used as working var by 
macros 
; store result 


; a different working var 


; define Tab1 — it overflows into sub page 0x13xx 
org 0x12F3 
DEFTAB offset,3 


equ 0x21 


equ 0x22 Tabl 


equ 0x23 
equ 0x24 
equ 0x25 
equ 0x26 


; some c' 


ORG 0 

goto START 
ORG 4 
retfie 

ORG 5 


clrf ZERO 


movlw 1 
movwf ONE 
movlw 2 


programs that are assembled with the built- 
in facilities of TK3, because essential use 
is made of several language features sup- 
ported only by MPASM. 

CALLTAB is a macro which encapsu- 
lates a table data access. The two argu- 
ments are: 

Tab. The label of the table (DEFTAB 
statement) to be accessed. 

IDX. The label of a data location con- 
taining the offset in the table of the item to 
be returned, base 0. 

DEFTAB is a macro used to define a 
table for access using CALLTAB. The two 
arguments are: 

OFS. The label of a data location in 
memory which is used to calculate the off- 
set address. 

NO. The number of items in the table. 
(This is used to check the IDX argument.) 

Table entries are defined immediately fol- 
lowing the DEFTAB statement using 
RETLW statements in the usual way. Note 
that neither macro preserves the value of 


; not using interrupts! 


; set up some offset 
constants 


retlw ‘a’ 
retlw ‘b’ 
retlw ‘c’ 


onstants 


; define Tab2 with overflow into sub page 0x07xx 


org 0x06F3 
Tab2 
retlw ‘Y’ 
retlw ‘Z’ 


; variable 
org Ox EF3 
Tab3 
retlw ‘j’ 
retlw ‘i’ 
retlw ‘m’ 
END 


PCLATH, so PCLATH must be reloaded 
before the next CALL or GOTO instruction. 

Listing 1 shows a sample program 
which contains the macro definitions and 
illustrates how the macros should be 
used. It is suggested that readers may 
find it instructive to run this program 
using a simulator such as Microchip’s 
MPLAB SIM (MPSIM), perhaps pausing 
the program after each table access to 
display the results, or even single step- 
ping through the various table access cal- 
culations. 


HOW MACROS WORK 

Readers who simply want to use the 
macros CALLTAB and DEFTAB as if 
they were a cookbook without necessarily 
understanding all the details may skip this 
section. For those who are interested in 
more details, first a quick explanation of 
what a macro is, since the topic of macros 
has not really been discussed in EPE 
before. 
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DEFTAB offset,2 


; a Table at very high memory. Uses a different working 


DEFTAB disp,3 


A macro is a set of programmer-defined 
instructions and directives which are given 
a name. When the name is encountered by 
the MPASM assembler, it is automatically 
expanded into the defined set of instruc- 
tions. Thus a macro is a useful shorthand 
notation for sequences of code that recur 
frequently in a program. 

Most readers will already be familiar 
with the simplest form of macro — the 
#DEFINE statement (which strictly speak- 
ing defines a text substitution label, but we 
won’t split such arcane hairs). For exam- 
ple, by convention the macros: 

#DEFINE PAGEO BCF 0x03,5 

#DEFINE PAGE1 BSF 0x03,5 
appear at the head of most PIC programs 
(though these macros should more accu- 
rately be called BANKO and BANK1). 
When the assembler encounters the state- 
ments PAGEO and PAGE1, it replaces 
them with BCF 0x03,5 and BSF 0x03,5 
respectively, and then assembles the 
result. 
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This illustrates another use for macros, 
which is to make a program more legible 
and understandable. On reading a program, 
most folks would have to reach for the data 
sheet to figure out what a BCF 0x03,5 
instruction does, whereas a PAGE state- 
ment is immediately recognisable. The 
macros’ Enter_Critical_Section and 
Leave_Critical_Section were used in the 
author’s Programming PIC Interrupts Part 
2 (April ’02) for a similar reason. 

The #DEFINE statement is a restricted 
form of macro definition (but the only one 
which is supported by TASM and the TK3 
assembler). It can expand to only one state- 
ment, and cannot have arguments. The 
more general form, available in MPASM, 
removes both of these restrictions. 

An MPASM macro definition is intro- 
duced by the line: 

NAME macro <optional list of argu- 
ments, separated by commas> 

It is terminated by the statement 

endm 

In between these lines are the statements 
defining the macro. Wherever NAME is 
subsequently encountered in the program, 
these statements will be substituted by the 
assembler. 

If you assemble the example program 
testtabs.asm (Listing 1) in this article and 
then examine the testtabs.Ist file output by 
the MPASM assembler, you will see how 
this substitution process works. After each 
CALLTAB and DEFTAB statement, the 
lines of the expanded macro follow. For 
each substituted line, the line number col- 
umn contains an ‘M’ character in place of 
the source line number. 


LABELS IN MACROS 


In general, the statements included in a 
macro will need to refer to data (register) 
memory, or to statement labels. If the 
objects referenced are always the same 
then they can be coded explicitly as the 
absolute location or its equated symbol. 
Thus CALLTAB and DEFTAB contain 
references to STATUS and PCLATH, 
because it is always these special function 
registers that are intended. 

In other cases the macros need to refer to 
different objects depending on where they 
are invoked. This is achieved by passing in 
the names of these objects as arguments. 
The macro is defined in terms of “formal 
arguments’, but when the macro is invoked 
actual arguments are supplied, and the 
assembler’s macro expansion process 
replaces the formal arguments with the 
actual arguments. 

Thus CALLTAB is defined in terms of 
the formal arguments Tab and IDX. When 
it is called for the first time, the actual 
arguments Tab1 and ZERO are supplied, 
and the expanded code will use Tab1 and 
ZERO. The second invocation of 
CALLTAB will be in terms of Tab1 and 
ONE, and so on. Readers who have used 
high level languages such as C or BASIC 
will be familiar with this idea of parameter 
(argument) substitution. 

In an assembly program, whenever 
you define (use) a statement label, the 
assembler remembers the label (and its 
corresponding address or value) in a 
symbol table. You can see this symbol 
table displayed at the end of any .LST 
assembler output file. This is how it is 
that you can refer to a label from 
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elsewhere in the program and the assem- 
bler knows what you mean. To avoid 
ambiguity, all labels in a program must 
be unique. 

Normally, labels defined in macros get 
stored in the symbol table too. But the 
DEFTAB macro needs to refer to the label 
__ Table (the start of the current group of 
table entries), which is different each time 
it is invoked. If we didn’t do something 
special, then on the second and subsequent 
invocations of DEFTAB an assembly error 
would occur, because the assembler would 
already have an entry for ___Table (with the 
previous address) in its symbol table. 

This problem is avoided by the macro 
directive LOCAL. This declares __ Table 
to be of local significance (i.e. to this 
expansion of the macro) only. So the 
assembler does not permanently record 
__ Table in its symbol table, and no errors 
are produced if the DEFTAB macro is 
used more than once in a program. On each 
occasion that the DEFTAB macro is 
expanded, __ Table is assigned the address 
of the current data table. 


MPASIM ADDRESSING 
AIDS 


MPASM provides two operators, HIGH 
and LOW, to help with 13-bit address 
manipulation. (On the 16F series) HIGH 
operating on a label returns the most sig- 
nificant five bits of the corresponding pro- 
gram memory address, and LOW the least 
significant eight bits. As well as being 
employed by DEFTAB, these useful oper- 
ators can be used in ordinary assembler 
code. Study the DEFTAB macro definition 
to see exactly how they are used. 

MPASM also provides two pseudo- 
instructions LCALL and LGOTO (“long 
CALL” and “long GOTO”). (LGOTO is 
not actually documented in the MPASM 
manual (see reference later) for the PIC 
16F core, but appears to be supported by 
versions of MPASM from V2.30 onwards, 
and maybe earlier versions too.) 

LCALL and LGOTO are effectively 
macros built into the assembler. They 
expand to code (bsf and bef instructions) to 
set PCLATH correctly for the destination 
label, followed by the CALL or GOTO as 
appropriate. Thus they can be used to ref- 
erence any label anywhere in 8K of pro- 
gram memory. Again, refer to the test- 
tabs.Ist file for details of exactly what they 
do (but note that these pseudo- instructions 
only set the two most significant bits of 
PCLATH). 

LCALL and LGOTO are obviously 
very useful to anyone writing programs 
longer than 2K bytes. CALLTAB includes 
an example of LCALL, and LGOTO is 
used in the demo program testtabs.asm. 


HOW CALLTAB AND 
DEFTAB WORK 


CALLTAB loads the table offset 
required into W, then uses LCALL to call 
the table code. This allows Tab to be locat- 
ed anywhere in memory. 

DEFTAB first checks the offset against 
the declared table size in the IDX argu- 
ment. If the OFS value is off the end of the 
table, zero is returned and no table access 
is performed. If the offset is OK, a full 13- 
bit address for the table location is calcu- 
lated (using standard 2-byte, 16-bit arith- 
metic) and loaded into PCLATH and PCL. 


This allows the table to be in any page, and 
(since carry is checked in the calculation) 
to span a 256-byte boundary. 

There’s quite a lot more to macros than 
this very quick introduction has covered. 
For more information, see especially the 
Directive Language and Macro Language 
chapters of the MPASM User Guide, file- 
name 33014g.pdf. This can be found on 
Disc 2 of the cover CDs supplied with 
EPE Oct ’01, or downloaded from 
www.microchip.com. 


MACROS vs 
SUBROUTINES 


Macros and subroutines (or procedures) 
both do a similar thing, namely encapsulate 
some piece of code that is used in several 
places so that it only needs to be coded 
once. The difference is that a macro is 
expanded in-line each time it is invoked, so 
that even though, as a programmer, you 
don’t have to type the instructions in every 
time, they still appear several times in the 
assembled code. The instructions making 
up a subroutine are only present once in a 
program. 

Macros are generally more efficient, that 
is they tend to use fewer executed instruc- 
tions than subroutines. Subroutines require 
at least a call instruction to get to the sub- 
routine, and a return to get back, both of 
which are overhead in the sense that they 
do no useful calculation or algorithmic 
work. 

Usually there are also a few instructions 
before a call instruction which set up the 
parameters that the subroutine will use in 
the places that it expects to find them, and 
so which are probably also overhead. Often 
macros can be arranged so that the parame- 
ters are passed in as substitution argu- 
ments, which incur no overhead. On the 
other hand, programs using subroutines 
will tend to be shorter overall. 

So if you have plenty of program mem- 
ory available, and require top performance, 
then you will tend to use macros. If total 
memory capacity is a problem, but you 
don’t need code that is ultra-fast, then you 
will tend to use subroutines. If neither 
memory capacity nor ultimate speed are 
issues for your particular application, then 
you can use either subroutines or macros, 
or both as you choose. 

MPASM macros are a “higher level” 
construct than subroutines, at least in the 
way that subroutines have to be imple- 
mented in assembly language. For exam- 
ple, they can have many arguments, and 
can be used to provide some of the more 
powerful features normally associated with 
high level languages. 

Both subroutines and macros are good 
for structuring programs. It is generally a 
good idea where you can to break down the 
overall programming task into smaller (and 
hopefully simpler) sub-tasks that can be 
tackled in turn. It is never a good idea to 
write the same sequence of instructions 
many times over in a program. Apart from 
being very boring to do, if you subsequent- 
ly find a bug in that sequence of code, or 
you need to change what it does, then you 
have lots of instances to find and fix. 

If you have implemented the sequence 
as either a macro or a subroutine, then 
you only have to fix one place, and let 
the assembler do the rest of the work for 
you. 
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READOUT 


E-mail: editorial@epemag.wimborne.co.uk 
John Becker addresses some 


of the general points readers 
have raised. Have you anything 
interesting to say? 
Drop us a line! 


All letters quoted here have previously been replied to directly. 


WIN A DIGITAL 
MULTIMETER 


A 31h digit pocket-sized I.c.d. multime- 
ter which measures a.c. and d.c. volt- 

age, d.c. current and resistance. It can 

also test diodes and bipolar transistors. 


Every month we will give a Digital 
Multimeter to the author of the best 
Readout letter. 


% LETTER OF THE MONTH *& 


INSPIRED CLOCKING 

Dear EPE, 

The PIC World Clock on the cover of August 
EPE caught my eye a few months ago, and 
inspired me to march through Teach-In 2000 
series, build Toolkit TK3, race through the 
PICtutor CD-ROM and scour back issues to sat- 
isfy my curiosity for how you achieved it. 

This is all great learning material for which I 
am grateful. The enthusiasm you demonstrate in 
this area is infectious. (With hindsight, what 
would be very handy is a “PIC reference” show- 
ing the EPE issues needed for all PIC learning 
materials: PIC Tutorial, TK3, ’87x Extended 
Memory, PCLath, Keypads, Interrupts, etc., or 
even better a composite CD-ROM with collect- 
ed articles. 

My interest is most definitely in program- 
ming PIC/l.c.d. combination projects. I’m 
reminded of my misspent youth when I spent far 
too long cramming space invaders and word 
processors into a 1K ZX81 with a low resolu- 
tion screen. 

However, I’m still on a learning curve with 
regard to the surrounding circuitry and I have a 
query with regard to most of your recent 
designs, including my favourite, Canute Tide 
Predictor of June 00. (Actually, my reworking 
the software for this is worthy of separate 
communication!) 

Most of the PIC/I.c.d. combination projects I 
read in EPE are not truly portable. That is, they 
are able to run off a 9V battery, but you nearly 
always suggest a battery eliminator because of 
relatively high current drawn from the circuit. I 
would like to be able to use Canute and other 
projects (including PIC World Clock when trav- 
elling!) for extended periods without access to 
mains power, which presents a problem because 
I want to maintain date/time information with- 
out having to enter it more than once. 

T realise I can store to EEPROM, but this does 
not really help with maintaining time. To max- 
imise battery life, I’m thinking along the lines 
of having a “warm” on/off switch that 
engages/disengages sleep mode on the PIC and 
somehow switches the l.c.d. display on and off 
as well. 

In addition, I probably need to go into this 
sleep mode after a set period of inactivity, 
instead of maintaining a permanent display, and 
I (think) need some sort of other backup so that 


MIXED PRAISES 

Dear EPE, 

I would add my voice to yours (News Oct. ’02) 
regarding the retirement of Frank Jackson the 
Director of Radio Component Specialists. Many 
years ago (about 25) I obtained some variable 
capacitors from them. I had need of some more a 
few years ago and contacted them. They advised 
me that they no longer kept components in this 
field. However ten minutes later they came on the 
phone to say they had found a couple in a drawer 
which I could have. They had to find my tele- 
phone number and take the trouble to do this. I 
was extremely grateful and I can’t help but con- 
trast this with the present image of suppliers. 


date/time is not lost during replacement of the 
OV battery. Is any of this feasible, or would the 
battery life be so poor as to make the end 
result impractical? 

Another thought was to have a PIC with its 
own supply just acting as an uninterruptible 
clock, or maybe a similar alternative, but again 
Td still have to maintain 5V for extended peri- 
ods and double up the batteries. As I under- 
stand it, the 5V regulator itself is part of the 
problem being so power hungry. 

Can you recall any published designs or 
articles that I can learn from to help me with 
my goal? 

Andrew Jarvis, 
via email 


Glad to know that you are enjoying EPE, 
Andrew, and that you’re being “inspired”! 

You make a good point about a list of PIC 
projects. In fact we’ve been talking about tak- 
ing this idea further through the CD-ROM 
route. During the next few months I shall be 
upgrading my original PIC Tutorial of Mar- 
May ‘98, using MPASM grammar, and suiting 
to use with the TK3 board. It is likely to be 
released on CD-ROM, on which we shall quite 
likely include the main PIC features such as 
those that you mention, together with a selec- 
tion of PIC Tricks that are now on our ftp site. 
I expect you are aware that the ftp site con- 
tains folders for all the PIC projects published 
over several years. 

Running Canute off a battery is not as easy 
as you may think. I put a lot of time in on this 
and in brief the l.c.d. cannot be turned off to 
save power, and it is the main cause of current 
consumption. Putting the PIC to sleep solves 
nothing, regretably. To physically switch off 
the l.c.d. would be problematic as it then 
needs to be rebooted when switched on again. 
It can be done, but to be honest I felt I had 
already spent enough time on this project. If 
you try further, good luck! 

In principle the PIC will run at a voltage as 
low as 3V, so you might consider using a 3V 
battery to maintain clocking while the rest of 
the system is switched off. Sorry I can’t enter 
into discussion on it though, nor can I think of 
specific designs we’ve done that show the 
principle. 

Best wishes for enjoying your electronics. 


I wanted a computer part, but the supplier only 
dealt with internet orders, and this necessitated set- 
ting up an account. This involves a long process of 
questions to be answered. I gave up at the “Enter a 
secret question” and “Enter a secret answer” bit. I 
got the phone bill yesterday and the cost of this 
abortive visit to the internet was £12. And I never 
got the part I wanted. Their telephone number was 
just an answering service. They had only a box 
number address. Is the business run by someone 
sitting alone in their residence on a computer send- 
ing items from a supplier wherever to whoever? 
And this is progress? 

Peter McBeath, Morpeth 
Agreed, and certainly not, Peter. 
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GENEROUS VINTAGE OFFER 

Dear EPE, 

The supplement Collecting and Restoring 
Vintage Radios (Oct ’02) reminded me that I 
have accumulated a surplus stock of germani- 
um (and a few early silicon) transistors and 
diodes. They are tested and sorted, hence 
accessible and available! If any reader needs 
one of these devices, they are welcome to write 
to me to enquire as to availability. A pre-paid 
reply envelope is essential. If the reply enve- 
lope is suitable, then I will send the requested 
device in it, if available. No charge, while 
stocks last, as long as the recipient states a gen- 
uine need (e.g. piece of equipment to repair) 
and pays postage. 

Note that the following popular types are 
NOT available: AF117, OA70, OA79, OA91, 
OC45, OC71, OC72, OC78, OC78D, OC81, 
OC81D. If a 4-wire device is needed I can offer 
OC17. Requests for OC44 will be met with 
CV7003, a metal-can equivalent. I hope this 
offer helps someone, somewhere. 

I am also trying to build a collection of such 
old devices and any offers would be gratefully 
received. If writing with your needs, please sug- 
gest equivalents that you can accept. 

Godfrey Manning G4GLM, 
63 The Drive, Edgware, Middx HA8 8PS 


Thank you Godfrey, that’s most generous. We 
hope that readers too can help you to increase 
your collection. 


CLOCKING PICS 

Dear EPE, 

Do you publish your annual contents on a 
CD-ROM? Also, could you please inform me of 
any PIC-controlled clock projects published 
after Dec 2000 and how can one access them? 

Fernando Bentes de Jesus, 
via email 


Do you mean an Annual Index? If so, sorry but 
we don’t do one on CD-ROM but it is on our UK 
website. Each December issue, though, has two 
pages of index for that year. If you mean are the 


full contents of EPE for one year published on 


CD-ROM, then the answer is almost yes — if you 
look at the Back Issues section of any issue 
(preferably a current one) you will see that we 
have mini CD-ROMS that hold six issues of EPE. 
These are released every six months, six months 
after the publication of the sixth issue covered. 

Regarding the clock — well Fernando, you are 
aware of course, though readers are not, you 
and I have been discussing this at length and the 
upshot is that I have designed the type of PIC- 
controlled clock you are looking for — a large 
circular face with l.e.d.s around the edge indi- 
cating seconds, minutes and hours, “rotating” 
appropriately, plus four large (2-inch x I-inch) 
digits each comprised of many l.e.d.s which var- 
iously display minutes and hours, months and 
days, and temperature. It will hopefully be pub- 
lished around the middle of 2003. Thank you for 
inspiring the design. 

Apart from this design, it is Andy Flind’s 
Synchronous Clock Driver of Sept. ’O/ that is 
the most recent PIC-controlled clock project, 
and is a dual-frequency 50Hz/60Hz converter 


for mains operated synchronous clocks. 
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C-ING TO PICS 

Dear EPE, 

I have recently renewed my annual subscrip- 
tion for your electronic edition. After receiving 
EPE for the past year I am pleased to comment 
that the download is compact and efficient, tak- 
ing about 15 mins on average on a 56K modem; 
the ZIP file works first time with the Acrobat 
reader; the magazine content is focussed and 
well understood, with practical, theoretical, and 
educational articles. 

The importance EPE has placed on Microchip 
PIC products turns out to be in my opinion a very 
good strategy, as is maintaining this focus rather 
than having many articles covering other manu- 
facturers, which can be very confusing for 
microcontroller technology. 

Microchip have a global presence, and are 
able to provide complete product support, even 
arranging here in Singapore with Polytechnics to 
run courses for the general public based on their 
products. 

Consequently I perceive your magazine is 
positioned to provide even higher levels of cus- 
tomer service — by having a direct reader 
forum/exchange on PIC microcontrollers and 
their use. This could be web-based with the mag- 
azine content highlighting/selecting the best on a 
monthly or quarterly basis. 

Furthermore, with the move towards micro- 
controllers having more operations, meaning 
assembly code instructions increasing, there is a 
move towards “C” programming. Obviously 
tutorials on “C for PIC” would be very helpful 
(anyway “C” is not a difficult language to learn, 
it only needs more practice). 

Thank you for a good technology magazine. 

William Rance, 
via email 


Thank you William for confirming the benefits 
and ease of downloading our electronic editions. 
Many readers have found how well this service 
suits their needs, particularly those who are not 
resident in the UK. 

We agree that we have made a good decision 
to promote PICs as the principle type of micro- 
controller we support, although we do not total- 
ly exclude other controllers if an interesting 
design using one is offered to us. One of the ben- 
efits readers enjoy from our standardising on 
PICs, though, is that many now have the pro- 
gramming facilities dedicated to them. Other 
microcontrollers are less likely to be widely sup- 
ported by readers’ own facilities. 

As you have noted, there is considerable dis- 
cussion generated amongst readers on PIC sub- 
jects, not only here on these pages, but also via 
our web-based Chat Zone. This option seems 
suited to the needs of most readers and we do not 
currently feel the need for a dedicated PICs-only 
type of forum. There are already many accessible 
via the web for those who do wish to become 
more intense in their PIC-chatting. 

Regarding “C”, the evidence suggests that 
most of our readers are not familiar with the 
language, although we know that there are 
those who are. At present we cater for them 
though the C For PICmicros CD-ROM, which is 
advertised elsewhere in this issue. The majority 
of readers who program PICs do so through 
one of the two principle assembly dialects that 
prevail, TASM and Microchip’s own MPASM. It 
is the latter on which the latest Assembly for 
PICmicros CD-ROM is based, being an updat- 
ed version of my original paper edition PIC 
Tutorial of Mar-May ’98, in which the emphasis 
then was on TASM. 

As you will see from the November and 
December issues, plus this one, we are now 
catering for those readers who have yet to 
become involved in PIC assembly language pro- 
gramming by publishing a series of three articles 
by Max Horsey, a lecturer at one of the country’s 
leading colleges. He shows how to use a variant 
of Basic through which to program specially pre- 
pared PICs, known as PICAXE devices. 

We appreciate your input, William, thank you. 
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VB6 ASSEMBLY CODE 

Dear EPE, 

In his EPE Morse Code Reader (Sept ’02), 
John Becker asks for ways to use assembly code 
in VB6 programs. This can be done by assem- 
bling the code as a DLL and calling the routines 
(with proper headers) from VB. An excellent 
example of this is vbasm.dll, a free program 
from Softcircuits Programming (www.softcir- 
cuits.com), which contains assembly coded rou- 
tines for peeking, poking, shifting, I/O, and 
many other things for use in VB. 

Incidentally, I am very impressed by the 
things you are able to do with PICs, as in the 
above mentioned article. Your projects like this 
are a main reason I subscribe to EPE. I wonder, 
however, why you used a PICI6F84, when a 
PIC16F628 is pin (and mostly code) compatible, 
much more capable, and costs about half as 
much (at least in the USA). 

Ed Grens, 
via email 


Thanks for the info Ed, which I'll look into. At 
present I don’t know how to make a DLL but 
hope the site you give will tell me. 

Thanks too for your kind comments. 
PICI6F627/8 projects from me are now in the 
pipeline! At the time Morse was written ’62x 
were not widely available and an ’84 was the 
best option. 


PIC L.C.D. MATHS 

Dear EPE, 

Tam an avid reader of your PIC projects, and 
have built many. It amazes me how you can pur- 
chase such a cheap i.c. and get so much power. 
However, I have been writing some code for 
myself (some good, some bad) and I have come 
across a problem which I am completely 
stumped by. 

The problem is that I have an A/D converter 
which provides a result in the W register in the 
range 00h to FFh (0 to 255) and I want to send 
this result to an l.c.d. The Lc.d. requires a digit 
by digit input so I need to convert the 8-bit result 
into separate hundreds, tens and units digits, then 
instruct the l.c.d. to display them ... how? 

Also, I understand that PICs are rather limited 
in the maths but would it be possible to actually 
display the result in the form e.g. 2.94V to rep- 
resent, say, a voltage reading in respect of an 
ADC value of 150? 

Richard Harrison, 
via email 


Many of my PIC designs that use an l.c.d. 
have such code conversions in them. Lately they 
are based on Peter Hemsley’s binary to decimal 
routine (BIN2DEC) that is held in the PIC 
Tricks folder on our ftp site — the routine is 
excellent. There are also some of Peter’s maths 
routines there too, which enable the PIC to per- 


form multiplication and division, and other 
functions. 


PRE-PROGRAMMED? 

Dear EPE, 

I have always been interested in PIC projects, 
so I decided to try out the PIC Intruder Alarm 
(April °02). The Components list states 
“PIC16F877 pre-programmed (see text)’. I have 
never understood what “pre-programmed” 
means. Can you please tell me, and how you 
identify a programmed one from one that is not? 

Andrew Debono, 
via email 


PICs are manufactured without any program 
code, therefore buying one that has not been pro- 
grammed with the required code written by the 
author of a published design will do nothing. A 
pre-programmed PIC is one that has been pro- 
grammed by this code. Externally you cannot tell 
if a PIC has been programmed. To find this out 
use my Toolkit TK3 of Oct/Nov ’O1 — it allows 
you to read back the PIC’s contents. 

Magenta sell pre-programmed PICs for most 


of our projects. They program them with the 
author’s code as supplied by us. 


TK3 BUG? 

Dear EPE, 

Using a Toolkit TK3 standard board, with TK3 
V1.32 software, I am getting some odd effects 
when trying to set the Config data for “RC oscil- 
lator’, mostly on 16F84 chips (I thought I had an 
expensive dud batch for a while!), but also with 
16F877s. 

I select Send/Read Config Data, and select 
Reset Config Defaults and get the XT osc option. 
I send this and the chip works fine with a crystal. 

Then I select the RC/EC Oscillator radio but- 
ton and, sure enough, the OS1 and OSO bits 
change, but also the most right-hand CP bit 
changes, to 0, while still showing “off” and stay- 
ing grey. If I now send this to the PIC I get the 
“A CP value may have been set . . . ” message, 
and the read-back values show all CPs set to 
“on”. L also find I cannot disassemble the chip. 

If, however, I press Clear CP, then select Reset 
Config Defaults, then press the RC/EC button and 
then manually click the right-most CP window, it 
changes to “1 on” and goes green. If I then send it 
I get the happy little red Config Sent OK message, 
everything works and I can disassemble. 

I get something similar with the °877 chip, 
when the CPO bit is the culprit. 

I seem to have sorted out how to get round the 
problem, but I thought you'd be interested. 

Curiously, I don’t remember this happening a 
few weeks ago when I last used the RC option. 
Another clue may be that, occasionally, the cen- 
tral row of labels in the Configure PIC window 
(i.e. CP CP CP .... WDT OS1 OSO) sometimes 
gets corrupted — could these come from a file 
that has been misread, or corrupted? — most odd. 

Otherwise, all is well and TK3 is still a great 
product! 

Roger D. Redman, 
via email 


Thanks for telling me, Roger. There does seem 
to be a problem somehow, which I shall look into 
when I get a suitable opportunity. There are one 
or two other minor bugs that have come to light 
and I'll try to fix them at the same time. 

Yes, there is a file with config vals, which you 
can read/amend through the Select PIC Type 
screen. 


BEYOND THE PAIL? 

Dear EPE, 

Ihave recently picked up the Dec ’02 copy of 
EPE. Thomas Scarborough’s capacitive device 
(Fluid Finder in I.U.) for differentiating between 
water and milk would have been extremely 
handy when I lived in Africa. It was common in 
our region for the locals to dilute the milk with 
cows’ pee because it has the same specific grav- 
ity, so couldn’t be detected by a hydrometer. I 
wonder if it has the same permeability — do any 
readers know? 

I'll bet someone does — that’s what I love 
about EPE, you’ve got a dedicated involved core 
of readers, and you’ve turned into something 
beyond being just a magazine. 

Nick Tile, 
via email 


So I asked Thomas (who we know is overflow- 
ing with the milk of human kindness) for his 
opinion: 


In fact while testing the Fluid Finder I did 
tests with watered-down milk. I can’t now 
remember what percentage water it reliably 
picked up, I think it was around one-third, which 
is a lot of water admixture! Ten per cent water 
would probably bring joy to the heart of any 
crooked farmer. But the circuit as shown is rela- 
tively crude, and just an idea really. I have no 
doubt that with a little refinement it would pick 
up pretty small admixtures of water. 

Thomas Scarborough, 
via email 
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INGENUITY 
UNLIMITED 


Our regular round-up of readers’ own circuits. We pay between 
£10 and £50 for all material published, depending on length = 
and technical merit. We're looking for novel applications and 
circuit designs, not simply mechanical, electrical or software 
ideas. Ideas must be the reader's own work and must not 
have been submitted for publication elsewhere. The 
circuits shown have NOT been proven by us. /ngenuity 
Unlimited is open to ALL abilities, but items for consideration in 
this column should be typed or word-processed, with a brief 
circuit description (between 100 and 500 words maximum) and 
full circuit diagram showing all relevant component values. 
Please draw all circuit schematics as clearly as possible. 


Jy | at 


RY 5 


Ses eseeses 


WIN A PICO PC BASED 


OSCILLOSCOPE WORTH £586 
© 100MS/s Dual Channel Storage Oscilloscope 
@ SOMHz Spectrum Analyser 
@ Multimeter ¢ Frequency Meter 
© Signal Generator 
If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 


Send your circuit ideas to: Alan Winstanley, Ingenuity 
Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown Dorset BH22 OND. (We do not accept sub- 


missions for /U via E-mail.) 
Your ideas could earn you some cash and a prize! 


PC based oscilloscope could be yours. 
Every 12 months, Pico Technology will be 
awarding an ADC200-100 digital storage 
oscilloscope for the best IU submission. In 
addition, a DrDAQ Data Logger/Scope worth 
£69 will be presented to the runner up. 


Frequency Switch — Sowmc Sense 


OST sound switches are characterised by 

a distinct lack of selectivity — among 
them the well known clap switch and doorbell 
extender. Contrasted with this, the Frequency 
Switch of Fig.l responds only to a narrow 
passband, which has the width of about one 
tone at all frequencies. It is also exceedingly 
sensitive with a potential range of some 50 
metres when triggered with a tin whistle. 

A two-stage preamplifier is formed by IC1, 
which uses an inverting amplifier (IC la) feed- 
ing a non-inverting amplifier (IC1b). Trimmer 
VRI controls the gain. The amplified signal is 
sufficient to clock a decade counter IC3. 
Assuming that the Frequency Switch is “hear- 
ing” the specific frequency to which it has 
been tuned, IC2a will reset IC3 at one-ninth 
of the frequency of the incoming sound. This 
means that IC3 will be sequenced through 
outputs QO to Q8 and then it will be reset. If 
however, a lower frequency is heard then 


fewer than 9 outputs will go high to logic 1. If 
a higher frequency is heard then all ten out- 
puts will go high. 

To distinguish between the desired frequen- 
cy and a higher or lower rate, one needs to dif- 
ferentiate between an incoming sound that 
sequences IC3 through outputs QO to Q8 from 
one that sequences it through outputs QO to < 
Q8, or QO to > Q8. This simple logical problem 
is solved using NAND Schmitt trigger gates 
IC2b to IC2d. The 100pF capacitors C8 and C9 
shunt the pulses from outputs Q8 and Q9. 
When these outputs form binary 1-0 then IC2d 
output pin 11 goes high thus illuminating 1.e.d. 
D4. However, a binary 0-0 represents a lower 
frequency, and a binary 1-1 a higher one. For 
this to work, C8 must go high more slowly than 
C9, and low more quickly, for which compo- 
nents D3 and R8-R9 are employed. 

In order to build a more “tolerant” circuit 
use outputs below Q8 and Q9 instead, e.g. Q4 


and Q5 would cause the Frequency Switch to 
respond to a passband of about two tones at 
all frequencies. The frequency coverage may 
be altered by changing the value of C4, with a 
smaller value yielding higher frequencies, and 
vice versa. Output pin 4 of IC2b may be taken 
to the trigger input of a 555 monostable timer 
and output pin 11 of IC2d may be used to 
clock external logic. Three 100uF capacitors 
(C1, C7 and C10) are used close to each chip 
for supply decoupling. 

Select the desired frequency by adjusting 
VR2, which covers approximately 170Hz to 
2kHz. Adjustment of the circuit is made easi- 
er if a few of IC3’s outputs (say Q5 to Q9) 
drive a series of 1.e.d.s., wired to OV through 
a | kilohm resistor. This also creates an inter- 
esting frequency-to-light display that might 
have other applications. 

Rev. Thomas Scarborough, 
Fresnaye, South Africa 
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Fig.1. The sensitive Frequency Switch circuit. 
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Dual Action Regulator 
— Switching Modes 


HE power loss through heatsinking a linear 

regulator makes them inefficient, but for 
some circuits, a linear type is more preferable 
than a switching type. The circuit diagram 
shown in Fig.2 is a combination of linear and 
switching circuitry. 

Resistor R1 sets the critical key point. 
Using Ohm’s Law (V=/R), if resistor R1 is set 
at 10 ohms and the current flowing through it 
is 70mA then the voltage across it is 0-7V. 
When the output current is 70mA, IC1 there- 
fore works as an ordinary linear regulator. 

At currents above roughly 70mA, the cir- 
cuit changes into a switching type, as the 
voltage across R1 turns transistor TR1 on. 
Current flows through inductor L2, magnetiz- 
ing its core. Resistors R2 and R3 form a volt- 
age pedestal network that provide positive 
feedback to IC1. When V,,; rises above 5V, 
the current through IC1 decreases and thus 
TRI turns off. Inductor L2 discharges its 
stored energy into V,,,; via D1 and C3. The 
cycle repeats, generating little heat in the 
heatsink. 


Fig.2. Dual Action Regulator circuit diagram. 


When tested with a 12V bulb at the output, 
efficiency was measured at 69%. Using this cir- 
cuit meant that a 9V adapter could be used with- 
out changing to a higher wattage version. 
Preferably use switched-mode type electrolytic 


Obstacle Sensing For Small Robots - eves Open 


Oo: detection for small robots is 
often achieved ultrasonically. The detec- 
tion circuits can be simplified by taking 
advantage of the directivity of ultrasonic 
transducers. For nearby obstacles, the reflect- 
ed pulse strength is much greater than the 
transmitter breakthrough, even when the 
transducers are mounted side by side. So, 
unlike a pulsed radar — where the receiver 
must be switched off during the transmit 
pulse — an ultrasonic receiver can be left on. 
Fig.3 shows the principle of operation. 

The timing pulses which switch the trans- 
mitter on and off are shown at “A” and the 
received reflected pulses after demodulation at 
“B”. (The interval between the transmitter 
pulses must be sufficiently long to avoid 
ambiguous interpretation of the received puls- 
es, i.e. which received pulse is caused by which 
transmitter pulse.) The pulse stream at “A” is 
taken to the data (D) input of a 4013 D-type 
bistable and “B” to the clock (CLK) input. 


If the received signal arrives before the end 
of the transmitter pulse, the Q output of the D 
type will go high. The speed of sound is about 
325mm per millisecond, so if the transmitter 
pulse is, say, 2 milliseconds long then an obsta- 
cle at a range of 325mm or less will cause the 
D type’s Q output to go high. The length of the 
transmitted pulse can be used as a sort of range 
gate; if the pulse length is increased to 3 mil- 
liseconds, obstacles will be detected at about 
490mm or less. In practice, the range gate is 
adjusted to suit the spacing and layout of obsta- 
cles which the robot is likely to encounter. In 
the writer’s small wheeled robot, three pairs of 
transducers are fitted looking ahead and to the 
sides. The outputs of three D-types are used to 
determine what action to take when obstacles 
are detected. 


Stephen Stopford, London W2. 


Fig.3. (right) Obstacle Sensing circuit. 
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capacitors, or if not available, use two or more 
capacitors in parallel without changing the value. 
A toroid type is most suitable for L2 although Ll 
and L3 can be any type of ferrite based coils. 
Myo Min, Myanmar 
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE 


ELECTRONICS CD-ROMS 


ELECTRONICS PROJECTS 


Logic Probe testing 


Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included. 

The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM. 


Seo nen CIRCUITS & COMPONENTS V2.0 


Circuit simulation screen 


Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols. 
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams. 

Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets. 


ANALOGUE ELECTRONICS 


Complimentary output stage 


Analogue Electronics is a complete learning resource for this most difficult 

branch of electronics. The CD-ROM includes a host of virtual laboratories, 

animations, diagrams, photographs and text as well as a SPICE electronic 

circuit simulator with over 50 pre-designed circuits. 

Sections on the CD-ROM include: Fundamentals — Analogue Signals (5 
sections), Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
— 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers — Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters — Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators — 6 sections from 
Positive Feedback to Crystal Oscillators. Systems — 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos. 


DIGITAL ELECTRONICS V2.0 


Filter synthesis 


Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors. The virtual 
laboratories allow users to operate many circuits on screen. 

Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables — including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors — architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venn diagrams, displays and chip types have 
been expanded in Version 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions. 


FILTERS 


Filters is a complete course in designing active and passive filters that makes 
use of highly interactive virtual laboratories and simulations to explain how filters 
are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a 
course in terminology and filter characterization, important classes of filter, filter 
order, filter impedance and impedance matching, and effects of different filter 
types. Advanced Theory which covers the use of filter tables, mathematics 
behind filter design, and an explanation of the design of active filters. Passive 
Filter Design which includes an expert system and filter synthesis tool for the 
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth 
and Chebyshev ladder filters. Active Filter Design which includes an expert 
system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev op.amp filters. 


ELECTRONICS 
CAD PACK 


2 hw i ee ee oe 


PCB Layout 


Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE- 
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists. 


ROBOTICS & 
MECHATRONICS 


Case study of the Milford 
Instruments Spider 


Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed. The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier. The 
Institutional versions have additional 
worksheets and multiple choice questions. 
@ Interactive Virtual Laboratories 
@ Little previous knowledge required 
@ Mathematics is kept to a minimum and 
all calculations are explained 
@ Clear circuit simulations 


PRICES 


Prices for each of the CD-ROMs above are: 


(Order form on third page) 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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Site Licence 


Hobbyist/Student... £45 inc VAT 
Institutional (Schools/HE/FE/Industry)...........++. £99 plus VAT 
Institutional 10 user (Network Licence).......... £199 plus VAT 


£499 plus VAT 
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PiCmicro TUTORIALS AND PROGRAMMING 


VERSION 2 PiCmicro MCU 
DEVELOPMENT BOARD 


Suitable for use with the three software packages 


listed below. 


This flexible development board allows students to learn 
both how to program PliCmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices. For 
experienced programmers all programming software is 
included in the PPP utility that comes with the development 
board. For those who want to learn, choose one or all of the 
packages below to use with the Development Board. 

@ Makes it easier to develop PICmicro projects 

@ Supports low cost Flash-programmable PlCmicro 


devices 


@ Fully featured integrated displays — 13 individual l.e.d.s, 
quad 7-segment display and alphanumeric I.c.d. display 

@ Supports PlCmicro microcontrollers with A/D converters 

@ Fully protected expansion bus for project work 

@ All inputs and outputs available on screw terminal 


connectors for easy connection 


HARDWARE 


SOFTWARE 


£145 including VAT and postage 
12V 500mA plug-top PSU (UK plug) £7 
25-way ‘D’ type connecting cable £5 


Suitable for use with the Development Board shown above. 


ASSEMBLY FOR P!ICmicro V2 
(Formerly PiCtutor) 

Assembly for PICmicro microcontrollers V2.0 
(previously known as PlCtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PlCmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PlCmicro  micro- 
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PlCmicro MCU as each instruction is 
executed which enhances understanding. 
@ Comprehensive instruction through 39 
tutorial sections @ Includes Vlab, a Virtual 
PiCmicro microcontroller: a fully functioning 
simulator @ Tests, exercises and projects 
covering a wide range of PlCmicro MCU 
applications @ Includes MPLAB assembler 
@ Visual representation of a PlCmicro 
showing architecture and functions @ 
Expert system for code entry helps first time 
users @ Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) @ Imports 
MPASM files. 


Virtual PICmicro 


‘C’ FOR PiCmicro 
VERSION 2 


The C for PlCmicro microcontrollers CD- 
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PlCmicro devices — 
including a full C compiler for a wide range 
of PlCmicro devices. 

Although the course focuses on the use of 
the PlCmicro microcontrollers, this CD- 
ROM will provide a good grounding in C 
programming for any microcontroller. 

@ Complete course in C as well as C 
programming for PICmicro microcontrollers 
@ Highly interactive course @ Virtual C 
PiCmicro improves understanding @ 
Includes a C compiler for a wide range of 
PiCmicro devices @ Includes full Integrated 
Development Environment @ Includes 
MPLAB software @ Compatible with most 
PiCmicro programmers @ Includes a 


compiler for all the PlCmicro devices. 
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Minimum system requirements for these 
items: Pentium PC running Windows 98, 
NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space. 


FLOWCODE FOR PlICmicro 


Flowcode is a very high level language 
programming system for PlCmicro 
microcontrollers based on_ flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes. 

Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and l.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved. 

Flowcode produces MPASM code which is 
compatible with virtually all PlCmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes. 

@ Requires no programming experience @ 
Allows complex PICmicro applications to be 
designed quickly @ Uses international 
standard flow chart symbols (ISO5807) @ 
Full on-screen simulation allows debugging 
and speeds up the development process 
@ Facilitates learning via a full suite of 
demonstration tutorials @ Produces ASM 
code for a range of 8, 18, 28 and 40-pin 
devices @ Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.). 


Burglar Alarm Simulation 


PRICES 


Prices for each of the CD-ROMs above are: 
(Order form on next page) 


Hobbyist/Student 


Institutional (Schools/HE/FE/Industry) 


Flowcode Institutional 


Institutional 10 user (Network Licence) 


Site Licence 


£45 inc VAT 
£99 plus VAT 
£70 plus VAT 
£249 plus VAT 
£599 plus VAT 


(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE 


EPE’s own Teach-in CD-ROM, contains 
the full 12-part Teach-In series by John 
Becker in PDF form plus the Teach-in 
interactive software covering all aspects 
of the series. We have also added Alan 
Winstanley’s highly acclaimed Basic 
Soldering Guide which is fully illustrated 
and which also includes Desoldering. 
The Teach-In series covers: Colour 
Codes and Resistors, Capacitors, 
Potentiometers, Sensor Resistors, Ohm’s 
Law, Diodes and L.E.D.s, Waveforms, 
Frequency and Time, Logic Gates, 
Binary and Hex Logic, Op.amps, : z 
Comparators, Mixers, Audio and Sensor Sine wave relationship values rooted SBIBPting ) aw 
Amplifiers, Transistors, Transformers and eg P in~ 
Rectifiers, Voltage Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, } fompanent Eating, 
Digital-to-Analogue. Cea emeca 
Each part has an associated practical section and the series includes a simple PC , = 
interface so you can use your PC as a basic oscilloscope with the various circuits. 

A hands-on approach to electronics with numerous breadboard circuits to try out. 


£12.45 including VAT and postage. Requires Adobe Acrobat (available free from 
the Internet - www.adobe.com/acrobat). 

FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope 
Basics. 


FREE BOOK 
WITH TEACH-IN 


2000 CD-ROM 


- Hobbyist. 
iconipendiam 
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ELECTRONICS IN CONTROL 
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syllabuses. Key 
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & 
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework 
Questions on each chapter. Worked answers with an access code are provided on a special website. 
Single User £29 inc. VAT. Multiple User £39 plus VAT 
Student copies (available only with a multiple user copy) £6 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


MODULAR CIRCUIT DESIGN 


Contains a range of tried and tested analogue and digital circuit modules, together with the 

knowledge to use and interface them. Thus allowing anyone with a basic understanding of circuit symbols to 

design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes 
PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it 
from the circuit. Shows where to obtain free software downloads to enable BASIC programming. 

Essential information for anyone undertaking GCSE or “A” level electronics or technology and for hobbyists who want 
to get to grips with project design. Over seventy different Input, Processor and Output modules are illustrated and fully 
described, together with detailed information on construction, fault finding and components, including circuit symbols, 
pinouts, power supplies, decoupling etc. 


Single User £19.95 inc. VAT. Multiple User £34 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT” prices) 


DIGITAL WORKS 3.0 


Counter 
project 


Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability ¢ Software 
for simulating digital logic circuits e Create 
your own macros — highly scalable e Create 
your own circuits, components, and i.c.s @ 
Easy-to-use digital interface e Animation 
brings circuits to life e Vast library of logic 
macros and 74 series i.c.s with data sheets 
e@ Powerful tool for designing and learning. 
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 

Institutional 10 user £199 plus VAT. 

Site Licence £499 plus VAT. 


ELECTRONIC 
COMPONENTS PHOTOS 


A high quality selection of over 200 JPG 
images of electronic 


components. This 

selection of high es pm 
feseition pues can be — 
used to enhance 

projects and dial tnd 
impli to help 
with training an er Fe" 
educational material. as 
They are royalty free for 
use in commercial or 
personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions — see licence for 
full details). 

Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 — Paint Shop Pro image 
editing tips and on-line help included! 


Price £19.95 inc. vaT 


Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser. 


poco oo nnn ee eee 
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1 C] Electronic Projects 

1 L] Electronic Circuits & Components V2.0 

1 [] Analogue Electronics Version required: 

! [| Digital Electronics V2.0 CL] Hobbyist/Student 

1 (] Filters L] Institutional 

| LJ Electronics CAD Pack L] Institutional 10 user 

1 L] Robotics & Mechatronics L] Site licence 

; L] Assembler for PICmicro 

1 LC] ‘C’ for PiCmicro 

: [_] Flowcode for PiCmicro 

1 L] Digital Works 3.0 

I 

H CL] PiCmicro Development Board (hardware) 

! (] Development Board UK plugtop power supply 

1 ] Development Board 25-way connecting lead 

| [] Teach-In 2000 + FREE BOOK 

| LJ Electronic Components Photos 

: CL] Electronics In Control — Single User 

1 LJ Electronics In Control — Multiple User 

! (] Modular Circuit Design — Single User Note: The software on each version is 

oO Modular Circuit Design = Multiple User the same, only the licence for use varies. 
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ORDERING 
ALL PRICES INCLUDE UK 
POSTAGE 


Student/Single User/Standard Version 
price includes postage to most 
countries in the world 
EU residents outside the UK add £5 for 
airmail postage per order 
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SURFING THE INTERNET 


NET WORK 


ALAN WINSTANLEY 


This is the BBC 
L Ast month Net Work looked at the web site of WorldSpace, the dig- 
ital satellite radio broadcaster. Before you rushed out to buy a new 
receiver, a brief review of a typical unit was also included. This month 
it’s back to the Internet again, and we look at the latest version of the 
BBC web site (www.bbe.co.uk), which is a cutting-edge project that is 
fast becoming one of the world’s premier online web resources. The 
BBC’s global expertise in broadcasting shines through, with news 
available online in no less than 43 languages, from Albanian to 
Vietnamese and everything in between. The BBC really has played 
every trick in the book with their web site, which incorporates almost 
every interactive Internet development you can think of. 

As one would expect, the site publishes latest news, sport, weath- 
er, TV and radio programme scheduling. News stories are easy to 
read on-screen, thanks to the use of bite-size layouts and newsprint- 
style narrow columns that are easy on the eyes, though some pages 
seem to scroll down for an eternity. Further interactive resources are 
provided which support TV programmes, including message boards 
and chat rooms. Comments can be entered into an online form and 
sent to the BBC editors for possible publication. 

There’s more: dig deeper, and thousands of web pages are 
revealed with information split into dozens of different categories 
including education, technology, science and nature, regional and 
local information, plus in-depth articles on a hundred or more other 
topical subjects. As if that isn’t enough, the BBC News is also 
accessible on your personal digital assistant (PDA) and even on a 
WAP phone. The BBC broadcasts a dizzying array of information 
over the Internet, and even manages to squeeze in Real Video 
extracts, though this seems to suffer from jerky motion at times, so 
it isn’t quite there yet. 


London Calling 

Then there are the BBC’s Internet radio channels, which transmit 
BBC Radio’s output (the six Greenwich time signal pips and all!) 
via a streaming RealAudio player, and I have a surprise: it really 
does work extremely well! Go to www.bbe.co.uk/radio/ and find a 
station, then allow a short period for the audio signal to “buffer” in 
your installed RealAudio player. After the buffer has filled, you can 
enjoy good quality audio over your computer’s loudspeakers. The 
BBC’s description of “Live” radio is however a misnomer — it’s late 
into the evening as I write, but I’m hearing this morning’s Terry 
Wogan breakfast show! Like playing a two-hour tape loop from the 
beginning, the BBC Radio Player applet lets you skip through the 
programme in five minute intervals. 
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Screenshot of the BBC Internet radio player applet, listing 
a selection of some current shows. 
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The streaming audio quality is slightly transistor-tinny, but 
proves to be absolutely acceptable; even when using my over- 
worked 56K dial-up connection at peak evening times, I managed 
to achieve a good 35 kilobits per second rate with hardly any inter- 
ruptions, all this on a very modestly specified PC. The quality and 
selection of program is really commendable, all things considered. 

Whilst Internet radio is not new — there are plenty of other sta- 
tions available, it opens up a welcome new dimension for overseas 
users and ex-patriots as well, who can now receive the best of 
British broadcasting via their Internet connection. You can 
also check the Open Directory listing of radio channels 
at http://dmoz.org/Arts/Radio/Internet/. There is a useful 
guide at the International Broadcasting Web Directory at 
www.ilgradio.com/ibwd, which describe itself as “a Yellow Pages 
of world wide broadcasting”. Enjoy streaming radio programs to 
your home computer and bookmark the BBC web site now. 


Going, going... 

Previously I suggested the services of Email Filtering 
(www.emailfiltering.co.uk), which is a paid-for service that inter- 
cepts spam from your mailbox automatically. The quality of service 
(as defined by the numbers of spam mails blocked) is rising steadily 
and EMF have now refined their service further with their enigmat- 
ically named “List R” filter. The company remains very tight-lipped 
about this latest enhancement, but I can report that the success rate 
has leapt noticeably, now with a consistently very high rate of inter- 
ception (say 98%). Also new is their webmail front end, where 
custom filter rules can be created. 

At the time of writing, no less than 1,500 spams and viruses have 
been automatically intercepted without the writer lifting a finger, 
saving days of work in handling them. Unfortunately, the success 
rate was dented by a glitch at the end of November 2002 when 
EMF’s mailservers seemed to get stuck in a loop. One morning I 
was deluged by almost 200 emails! In fact it was about half a dozen 
genuine emails that had been copied 30-40 times by EMF’s 
mailservers, filling my mailbox with junk and unravelling my email 
management routine in the process. Let’s hope it is a one-off fault. 
The service is £21 per mail account per year and is worth checking 
out if you are plagued by spam. 


Back in Pole-land 


To round off this month’s column, regular followers will remember 
the plight of the official EPE Net Work telegraph pole, the one that car- 
ries the writer’s telephone lines. Having just had another outage on one 
line, it seems that a short circuit at the local phone exchange (a wood- 
en hut several miles away) caused someone else’s ISDN line to be 
shorted over to my own. All I could hear on the line was data (theirs, 
not mine) and my modem was unable to dial out for days. The tele- 
graph pole also has a “D” symbol on it, meaning that it’s dangerous to 
climb, so the BT engineer wouldn’t go up it. It took four days to fix. 

Naturally, the exchange isn’t going to be upgraded for ADSL. As 
some final food for thought, a typical 56K dial-up user paying 
£14.99 per month now pays, in terms of bandwidth, about six times 
more for their Internet access than a comparable ADSL or cable 
user does at £28 per month. Thus, all those users who are beyond 
the reach of ADSL or cable continue to be heavily penalised for 
their Internet access in terms of both the user’s wasted time as well 
as their money, and there is little sign of it improving. 

Lastly, if you really do enjoy Spam (the foodstuff, that is) then 
you will enjoy the merchandise available at the official Spam web- 
site, so bounce along to www.spamgift.com, where you will find 
plenty of gifts that are ideal for harassed Internauts everywhere. I 
especially like the plastic beach sandals that imprint the word 
“Spam” in the sand... See you next month for more Net Work. 

You can e-mail me at alan@epemag.demon.co.uk. 
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Constructional Projects 


PICAXE 
PROJECTS 


MAX HORSEY 


Part 3 - Chaser Lights 


Using the PICAXE system, you do not need specialised 
equipment or knowledge to program the PIC microcontrollers 
used in these designs. 


series we described six projects controlled 

by a PICAXE- 18, a microcontroller based 
on Microchip’s PIC16F627 device but which 
has been modified so that it can be pro- 
grammed by using a version of BASIC via a 
serial link connected to a PC-compatible 
computer. The PICAXE-18 was discussed 
more fully in Part 1. 

The projects in Part | were an Egg 
Timer, Dice Machine and a Quiz Game 
Monitor and used the PICAXE’s digital 
options. In Part 2 the PICAXE’s analogue 
inputs were used to create a Temperature 
Sensor, Voltage Sensor and a VU Indicator. 

Here in Part 3 we describe a Chaser 
Lights system which uses both analogue 
and digital functions and has the following 
features: 


[: the previous two parts of this three-part 


@ Six channels 

@ Auto speed (speed changes 
during chasing) 

@ Sound controlled speed (higher 
sound level = increased speed) 

@ Auto switch-off (no sound causes 
lights to switch off) 

@ Display via six mains powered 
lamps and/or six l.e.d.s 


IRRESISTIBLE 

The author could not resist making the 
PICAXE-18 behave as a Chaser Lights 
controller, and the device’s programming 
method is ideal for making modifications 
to the chasing sequences. Additionally, 
since the PICAXE-18 features analogue 
inputs, it was easy to add a sound function. 
A separate mains interface lamp driver cir- 
cuit was also developed, and this addition 
ally provides a regulated 5V supply for the 
control circuit. 

The complete circuit diagram, upon 
which the general purpose printed circuit 
board (p.c.b.) used in this series is based, 
was shown in Part 1. The modified circuit 
diagram as used in the Chaser Lights con- 
troller is shown in Fig.l, with the 
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PICAXE-18 microcontroller designated as 
IC1. Note that the component numbering 
is the same as used in the full general- 
purpose circuit shown in Part | Fig.1. 

When adapting the system for use as a 
Chaser Lights controller, it was decided to 
set the number of light outputs to six. This 
reduces the cost of the mains interface 
described later and the quantity is more 
than is often used for elaborate chaser pat- 
terns. In fact, many commercially available 
Chasers are based on a 4-channel system. 

PICAXE-18 outputs RBO to RBS are 
used to drive the interface board and its 
connected lights. Light emitting diodes 
(.e.d.s) D1 to D6 are also connected to 
these outputs and indicate that the control 
circuit is working. 

Switch S2 is connected to input RAI 
and is used to select whether the Chaser 
speed is set to “auto” or controlled by 
sound. An external sound signal can be 
connected to input RAO, which is config- 
ured as an analogue input. 


CONTROL PROGRAM 

The command let pins = %00000001 
turns on l.e.d. D1 via output RBO. 
Remember that in binary the bit numbers 
run from right to left, 0 to 7. As discussed 
in Part 1, the percentage sign tells the 
PICAXE’s compiler that the value is 
expressed in binary. The program control 
sequence is: 


let pins = %00000001 
pause 100 

let pins = %00000010 
pause 100 

let pins = %00000100 
pause 100 

let pins = %00001000 
pause 100 etc. 


This sequence causes the lit Le.d. to 
“move” one place to the left, pausing for 
100 milliseconds (0-1s) at each stage, reap- 
pearing from the right after the sixth l.e.d. 


(D6) has been turned on and then off. 
Hence the lights will appear to chase. 
Clearly it is possible to chase more than 
one light at a time and to vary the direction 
and speed as required. 


GETTING 
MATHEMATICAL 


However, a problem occurs when a 
number of sequences are cascaded in a 
PICAXE-18. The memory is quite limited, 
and you could soon find that a download 
will fail with a “memory exceeded” warn- 
ing. So a more intelligent chasing system 
is required. 

Examination of the actual Chaser pro- 
gram in Listing | shows little resemblance 
to the example above. In fact, the only ref- 
erence to the output pins is the line near its 
end: let pins = b9. In this case b9 is a vari- 
able expressed in decimal whose binary 
equivalent sets the pattern of lights dis- 
played. For example, the decimal number 
12 has the 8-bit binary equivalent of 
%00001100, hence the command let pins 
= 12 will cause 1.e.d.s D3 and D4 to light 
(controlled by bits 2 and 3). 

By advancing the variable b9 in set 
sequences it is possible to produce a num- 
ber of chasing patterns across the six chan- 
nels. If you wish to modify the system for 
only four channels, then several lines will 
need changing, in particular the command 
for b0 = 1 to 5. (Use your text editor’s 
search or find facility to locate b0.) 


CHASING SPEED 


The speed of the chase is quite critical, 
and two modes are provided: “auto” where 
the speed changes automatically, and 
“sound” where the speed increases with 
the sound’s amplitude. The modes are con- 
trolled by switch S2 — off for “Auto”, on 
for “Sound”. 

Auto speed is determined by variable 
b5, and each time the program loops, hav- 
ing stepped through the entire chase 
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LISTING 7 
*chaser5 


>with optional sound input on analogue ANO 

"if input IN1 is low, speed varies automatically 

if input IN1 is high, speed depends on sound input 
*quiet sounds = slow, loud sounds = fast 

*designed for 6 lights 


*b5 = non-sound input speed i.e. auto speed 
*b8 = final speed 
*initial speed is 0 (i.e. 256) 


let b5 = b5 — 40 
forb3si=1itoyS 
let bil =1 


start: *speed up display by 40 
*start of outer loop 


reset bl 


for b0 = 1 to 5 
readadc 0, b7 

let b8 = b7 + b7 

let b8 = 200 — b& 

if pinl = 1 then skip 
let b8 = b5 

letiby — 20 


*start of first inner loop 
’read sound level 
*double analogue reading 
*make b8 lower if sound level higher 
*skip next line if IN1 is high 
*set final speed to auto speed 
’ensures lights do not auto shut-off 
efi foll toil © 2 *make bl rise, 2,4,8,16,32 

per inner loop 
*make b9 rise, per outer loop 
*ensures lights do not 
*add variety by inverting lights 
’add variety by inverting lights 


let b9 = b1 * b3 
if b7 = 20 
if b3 = 2 then invert 
if b3 = 5 then invert 
goto norm 
invert: let b9 = 63 — b9 *provide inverse display 
*prevents chasing too far 
*switch on lights 
*pause lights 


norm: if b9 > 64 then jump 
let pins = b9 
pause b8 


next bO *end of first inner loop 


let bill 32 *start of count down 


Chaser Lights modules (left to right, top to bottom), 
6-Channel Mains Interface, Lights Controller and 
Simple MOSFET Low Voltage Interface. 


for b0 = 1 to 5 

let bill = bil 

let b9}= (bil b3 

if b3 = 2 then invert2 
if b3 = 5 then invert2 
goto norm2 


*start of new inner loop 

*make bl fall, 16,8,4,2,1 
*make b9 rise per outer loop 
’add variety by inverting lights 
’add variety by inverting lights 


: let b9 = 63 — b9 *provide inverse display 
switch on lights 

pause lights 

end second inner loop 
end outer loop . 


let pins = b9 
pause b8 
next bO 

next b3 

goto start 
let pins = 0 
goto start 


> 
> 
> 
> 


RA1/AN1 

RAO/ANO 
RA4/TOCK1 RA7/OSC1 
RAS/MCLR RAG/OSC2 


+VE 


RB7 
RB6 
RBS 
RB4 


ON/OFF 


ae 


Bi — 
+4.5V TO 5V I 
(SEE TEXT) n 


Ci co 


470 


TO LIGHTS INTERFACE BOARD (TB1, TB4, TB7) 


Fig.1. Complete circuit diagram for the Chaser Lights Control section. 
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sequence, b5 is reduced by a decimal value 
of 40. The time for which the program 
holds the lights is determined by the com- 
mand pause b8. In this mode b8 copies 
b5, and hence the chasing speed slowly 
increases, eventually resetting. 

The basic sound interface circuit was 
described in Part 2 (diode pump — Fig.6) to 
which readers are referred for more infor- 
mation. The circuit is intended for connec- 
tion to an amplifier’s normal loudspeaker 
or headphone terminals. Note that the sys- 
tem is not designed to be connected to a 
“100V line level” as used by some high- 
power speaker systems. If you wish to use 
a microphone input in place of a connec- 
tion to loudspeaker terminals, a suitable 
circuit based on two transistors was 
described in Part 2, Fig.7. 

The sound level output from poten- 
tiometer VR1 in Part 2 Fig.6 is connected 
to PICAXE-18 pin RAO. The amplitude 
voltage level is read by the command 
readadc 0, b7, which places the digitally 
converted value into variable b7. The 
result is then doubled and subtracted from 
200 to provide a reading (b8) which falls 
as the sound level increases. Hence the 
command pause b8 sets the pause time in 
accordance with the sound level (higher 
sound = shorter time). 

If no sound is being input, then the lights 
turn off completely. This is achieved by the 
command if b7 < 10 then none, which 
causes the program to jump to the routine at 
label none:, which turns off the lights. 


INTERFACING 
12V LAMPS 


The current available from the PICAXE- 
18 is only suitable for driving l.e.d.s. If you 
wish to drive larger lamps, an interface is 
required. A suitable circuit for a single 
interface channel is shown in Fig.2. 


Fig.2. MOSFET driver circuit for 12V 
low power lamps. 


A suitable type for transistor TR1 would 
be a Darlington such as a TIP121 bipolar 
device. However, MOSFET transistors are 
quite competitive in price and require even 
less current than a bipolar transistor. Types 
BUZ11 or BUZ11A are suitable, though if 
you wish to interface between the 5V 
powered PICAXE-18 circuit and lamps 
powered at 12V d.c., then MOSFETS are 
essential. These are able to switch 12V 
even though their gates are driven by 
OV/SV input voltage levels. 

Note that unlike with a “normal” bipolar 
transistor, no current limiting input resistor 
is required in series with the gate. 

If the gate is not permanently connected 
to a signal source (e.g. the PICAXE-18) 
then a pull-down resistor of IMQ is 
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required to prevent the gate from “floating” 
and thus being subject to picking up damag- 
ing static electricity. However, if the gate is 
permanently connected to the PICAXE-18, 
then this resistor is unnecessary, but it will 
do no harm if left connected. 

Diode D1 is shown in parallel with the 
lamp in case the interface is used to drive 
inductive loads such as motors or relays. If 
the interface is only to be used with lamps, 
then the diode may be omitted. 


INTERFACING MAINS 
LAMPS 


Mains lamps remain the most popular 
way of creating Chaser Light effects and a 
wide variety of coloured reflector bulbs are 
available. The main advantage is that 
although each lamp may be rated at say 
230V 60W, the current required will be 
only 0:26A. By comparison, a 12V 60W 
lamp requires a massive 5A. So a 6-channel 


COMPONENTS 


Control Circuit 
See 


Resistors 
Ri 10k 
R2, R4, R13, 
R15, R16 = 22k (5 off 
R3 4k7 
R5toR10 3302 (6 off) 


, TALK 
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All 0.25W 5% carbon film. 


Capacitors 
C1 470u radial elect. 16V 


Semiconductors 
D1 to D6 red l.e.d. (6 off) 
IC1 PICAXE-18 
microcontroller, 
pre-programmed 
(see text) 


Miscellaneous 
B1 4.5V battery and clip 
(see text) 

min. s.p.s.t. toggle switch 
(2 off) 

TB1 3-pin serial connector 
(shrouded 3-pin 
header, see text) 

1mm terminal pins 
(2 off) 


S2, S6 


TP1, TP2 


Printed circuit board, available from the 
EPE PCB Service, code 373; 18-pin d.i.l. 
socket; transparent plastic case 120mm 
x 65mm x 40mm approx (see text); p.c.b. 
supports (4 off); connecting wire; solder, 
etc. 


Mains Interface Circuit 
Resistors 

R1, R4, R7, 

R10, R13, 

R16 120Q (6 off) 
R2, R5, R8, 

Ri1, R14, 

R17 56Q (6 off) 
R83, R6, R9, 

Ril2, R15, 

R18 3302 (6 off) 


All 0.25W 5% carbon film. 
Capacitors 


C1 1000p radial elect. 25V 
C2 100n ceramic disc 


Approx. Cost 
Guidance Only 


St ©) [> Semiconductors 


REC1 W005 bridge rectifier, 
1.5A 50V 
CSR1 
to CSR6 BTA08-600B or TIC226 
triac, 
isolated tab (6 off) 
TLP3042 triac 
opto-isolator, zero 
crossing (6 off) 
IC7 7805 5V 1A voltage 


regulator 


IC1 to IC6 


Miscellaneous 
fal mains transformer, twin 
6V a.c. secondary 
windings, 1.5VA, p.c.b. 
mounting 

TB1, TB4, 

TB7,TB10 2-way screw terminal 
block, p.c.b. mounting 
(4 off) 

TB2, TB3, 
TB5, TB6, 
TB8, TB9, 
TB11 3-way screw terminal 

block, mains rated, 

p.c.b. mounting (7 off) 


Printed circuit board, available from the 
EPE PCB Service, code 381; 6-pin d.i.l. 
socket (6 off); locking cable grommet (8 
off) (see text); robust plastic case, mini- 
mum size 150mm x 90mm x 55mm (see 
text); p.c.b. supports (4 off); d.p.d.t. 
mains rated toggle switch, 1A minimum 
(see text); panel mounting fuseholder 
and fuse rated to suit lamps (see text); 
connecting cable, mains rated, length to 
suit application; chaser lights assembly, 
components as required; solder etc. 


MOSFET Circuit — Single Channel 
R1 1M 0.25W 5% carbon 
film resistor 
D1 1N4001 rectifier diode 
TR1 MOSFET (see text) 
LP1 lamp to suit (see text) 


Stripboard, 5 strips, number of holes to 
suit channel quantity (see text). 

Sound Interface Circuits 

For components required see Part 2. 


£36 excl. case, batts. and lamps 
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chaser running on 12V might need a supply 
of 30A. This current is much too large to be 
viable, and so the 12V interface described 
earlier is suitable only for lamps with much 
lower power ratings. 

A mains interface circuit operates with 
much more manageable currents. The penal- 
ty, of course, is that care must be taken 
against the risk of a 230V mains a.c. shock. 

The mains lamp interface circuit was 
designed on a printed circuit board (p.c.b.) 
which also houses a power supply for the 
PICAXE-18 circuit. Opto-isolators are 
employed to ensure that the mains supply 
cannot find its way into the PICAXE-18 
circuit. 

The principle of operation is shown in 
Fig.3. The low voltage signal from the 
PICAXE-18 circuit is kept entirely separate 
from the mains supply by means of the opto- 
isolator. This houses an l.e.d. and triac sensor 
in a single enclosed unit. Within the manu- 
facturer’s specified voltage limits (several 
thousand volts), there is no risk of the dan- 
gerous mains voltage reaching the l.e.d. 

Any type of triac opto-isolator should 
work, but the recommended one is a “zero 
crossing” type. This ensures that the sinu- 
soidal a.c. mains supply is only switched 
on or off at the moment when its voltage is 
near to zero. This greatly reduces the risk 
of radio interference and other unwanted 
effects to the extent that no precautions are 
needed in this circuit. Hence the only 
remaining components required are two 
resistors and a power triac. 

The latter device is able to switch a 
high-current a.c. supply on and off and the 
type suggested is rated at 8A. However, a 
current of 8A should not be allowed to 
flow through the tracks of the p.c.b., which 
are only rated at about 1A maximum. 

The triacs are provided with isolated 
heatsink tabs, but in extensive tests they were 
not found to heat up at all and so additional 
heatsinking was not found to be necessary. 

The full circuit diagram for the 6- 
Channel Mains Interface is shown in Fig.4. 
Each mains-rated output terminal block 
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Fig.3. Basic circuit diagram for the 
Mains Interface Fig.4. Full circuit diagram for the 6-Channel Mains Interface 
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(e.g. TB2) provides a Live/Neutral/Earth 
supply to each lamp. It is possible, of 
course, to connect several lamps to each 
mains block in order to power several sets 
of lights, providing the maximum current 
handling of the system is not exceeded. A 
number of factors will affect this figure, 
but a maximum of 1A per channel is a 
good guide. 


POWER SUPPLY 


The interface circuit in Fig.4 includes a 
5V d.c. power supply, comprising trans- 
former T1, bridge rectifier REC1, voltage 
regulator IC7, plus capacitors C1 and C2. 
This provides power for the PICAXE-18 
circuit. 

Transformer T1 is a p.c.b. mounting type 
with a total rating of 1-5VA. It has two 
windings used in parallel, each capable of 
providing 6V a.c. at 0-125A. When bridge- 
rectified by REC1 and smoothed by capac- 
itor Cl, the d.c. voltage is approximately 
6V x 1-414 — 1-4V (the latter being the 
voltage drop across the bridge rectifier’s 
internal diodes). The theoretical output 
supply is about 7V at 180mA. 

In practice, though, small transformers 
are very badly regulated and so the actual 
voltage produced may be nearly twice the 
total expected when “off load” i.e. no cur- 
rent is being drawn. 

Voltage regulator IC7 provides an accurate 
SV supply for the PICAXE-18 circuit. 
Capacitor C2 helps to removes any spikes 
which may be present on the supply. 
Variations in the rectified voltage fed to the 
regulator do not affect its output voltage, pro- 
vided the input voltage is at or above 7V d.c. 


CONSTRUCTION 

Assemble the PICAXE Chaser printed 
circuit board (p.c.b.) first. The board is 
the same as that used in Parts | and 2 of 
this series. This board is available from 
the EPE PCB Service, code 373. The 
component layout and _ interwiring 
details for the Chaser p.c.b. are shown in 
Fig.5. 

Note that if using the fully assembled 
board as shown in Part | Fig.2, leaving in 
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Fig.5. Chaser Controller printed circuit board component layout and wiring details. 
The multiboard full-size copper foil master pattern is shown below. (This board is 


available from the EPE PCB Service). 


the components not required for the Chaser 
circuit will not affect its operation, apart 
from resistor R14 which must be omitted if 
a sound input is required. 

Begin by soldering in the 18-pin d.i.l. 
socket, then fit the remaining components 
as shown. Ensure that the l.e.d.s and capac- 
itor Cl are fitted the correct way round. 
Connector TB1 is required if the PIC is to 
be programmed in-circuit (as discussed in 
Part 1). Again, ensure that this is connect- 
ed the correct way round. 

Terminal pins TP1 and TP2 are used in 
case the PIC needs resetting (also dis- 
cussed in Part 1). Since this is likely to be 
an infrequent requirement it is not worth 
connecting a pushswitch, and a screwdriv- 
er blade (or any metal object) may be 
placed between the pins to reset the 
PICAXE. 

The board is now usable as a standalone 
unit in which just the l.e.d.s provide the 
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Chaser lights, controlled by sound in 
conjunction with microphone amplifier 
and/or diode pump as discussed in Part 2 
in relation to the VU Meter. 

However, if this board is to be used with 
the mains lamp interface board, fit six 
colour-coded signal leads, soldering them 
to the same pads as used by resistors R5 to 
R11 (or direct to the appropriate resistor 
wires, as was done with the prototype). 
Also fit two colour-coded leads for the 
power supply connections. 


MAINS INTERFACE 
CONSTRUCTION 


It is stressed that construction of the 
mains interface should only be carried 
out by those who are competently 
experienced in handling mains pow- 
ered circuits. 

Component and track layout details for 
the mains interface board are shown in 
Fig.6. This board is available from the 
EPE PCB Service, code 381. 

Begin assembly with the 6-pin d.i.l. 
sockets, followed by the resistors and 
capacitor C2. 

It is imperative that the triacs, capacitor 
Cl, regulator IC7 and bridge rectifier 
RECI1 are fitted the correct way round as 
shown. Next fit the terminal strips 


6-CHANNEL MAINS INTERFACE 


Completed Interface unit. The six holes for the mains output leads to the lamps 
must have lead clamping grommets mounted in them. 


Fig.6. Printed circuit board component layout, interwiring details and full-size 
underside copper foil master for the 6-Channel Mains Interface. 
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ensuring that access for the external wiring 
is from the edge of the p.c.b. 

Mount the mains transformer on the 
p.c.b. as the final item. Its pins must be 
carefully aligned before it can be pushed 
fully into place and soldered. 

Finally, insert the opto-isolators (IC1 to 
IC6) into their sockets taking great care to 
fit them the correct way round, as shown. 

Ensure that you fully check the assem- 
bly and soldering before applying power. 


HOUSING AND 
DISPLAY OPTIONS 


The prototype system was housed in 
separate cases to ensure that all the low 
voltage parts of the circuit were kept 
entirely separate from the mains parts. The 
two cases may be bolted together, or alter- 
natively the mains interface can be housed 
as part of the mains lighting system. 

If the Chaser is used only for an l.e.d. 
display then the case should be cho- 
sen with care, in order that an 
attractive display of l.e.d.s 
can be employed, mounted 
in its lid. 

Note that a maximum 
of two l.e.d.s can be con- 
nected in series, since each 
le.d. has a forward voltage 
drop of about 2V. A maximum 
of two Le.d.s can be connected in 
parallel, hence the total permissible 
number of |.e.d.s per channel is four. 
If more l.e.d.s are required per channel, 
then the MOSFET interface circuit is 
required as described earlier, and further 
discussed later. 

The prototype system was intended for 
chasing mains lights, with which the single 
set of l.e.d.s on the p.c.b. were used to indi- 
cate that the circuit is working. The board 
was mounted in a transparent case so that 
the l.e.d.s can be seen, confirming that the 
control circuit is functioning. The case 
used in the prototype measures 120mm x 
65mm x 40mm. 

This case also houses the microphone 
preamplifier stripboard sub-assembly and 
the diode pump components. Holes were 
drilled for the sound level potentiometer, 
VR1, switch S2, electret microphone insert 
MIC1, and the wires for connecting to the 
Mains Lamp Interface in a separate case. 


MAINS INTERFACE 
HOUSING 


As with all mains projects, care must be 
taken to ensure that nothing can come into 
contact with the mains voltage. Hence a 
good quality plastic case is required for the 
mains lamp interface. 

Holes are required for the mains input lead 
locking grommet, and for the mains output 
leads to the lamps. These too should be 
secured by locking grommets or “‘P” clips. 

Also drill a hole for the low voltage 
wires required between the Chaser and 
Interface. These too should be used in con- 
junction with a locking grommet. 

To comply with adequate safety require- 
ments, a mains rated power on/off switch 
and panel mounted fuseholder should be 
included as well. The fuse rating should be 
chosen to suit the wattage of the lamps 
used. 

Note that the additional grommets, switch 
and fuseholder will require the use of a case 
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larger than that used in the prototype, which 
measures 147mm x 88mm x 54mm. 
Secure the board firmly to the base of 
the case by means of robust p.c.b. supports. 
Fully check the accuracy of your wiring 
and then screw down the case lid before 
connecting the interface to the mains. 


TESTING 


First check the Chaser unit on its own 
with a separate battery power supply of 
around 4-5V (as discussed in Part 1). 

As discussed in Part 1, the PICAXE-18 
may either be programmed in situ on the 


Layout of 


components 
inside the Con- 


troller case. This 
also includes the 
Mic. Preamp — see 
Part 2, Fig.7. 


p.c.b., or purchased from the author as a 
pre-programmed device, as stated later. 

With the programmed PICAXE-18 
inserted, switch on the power and check 
that the l.e.d.s respond as expected when 
switch S2 is set to “Auto”, and also when 
sound is input by the chosen method and 
$2 is switched to “Sound”. Sounds 
received by the microphone should cause a 
small varying voltage to be applied to pin 
RAO. The varying voltage levels should 
make the lights switch on and chase as dis- 
cussed earlier. 

It is essential to check the accuracy of 
the SV d.c. supply from the interface unit 
before connecting it to the Chaser in place 
of the battery supply. You should obtain a 
reading of nominally 5V, but it could lie 


Simple lamp display box. 


between 4-75V and 5-25V. A reading sig- 
nificantly different is likely to indicate that 
regulator IC7 is incorrectly inserted. 

Ultimately, when the lamps are con- 
nected to the mains interface unit, they 
should copy the l.e.d.s. If any fault finding 
is necessary, ensure that the unit is dis- 
connected from the mains before opening 
the case. 


LIGHTING UNIT 


With the prototype, a 6-lamp lighting 
unit provides a spectacular display, and can 
be constructed from wood painted black as 
shown in the photograph. No construction- 
al details are offered. 

A false bottom allows all the wires to be 
hidden. If required, the Interface unit can be 
housed in the gap between the false bottom 
and outside face of the unit. 


Internal view of the Mains Interface unit. 
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Fig.7. Stripboard component layout for the MOSFET 12V low power lamp driver. A 2-channel section is shown in the photo- 


graph above. This arrangement can be repeated for the required number of channels. 


MOSFET INTERFACE 


Assembly details of the stripboard 
arrangement of the MOSFET interface, 
discussed earlier in relation to Fig.2, are 
shown in Fig.7. A second channel is 
shown to the right, illustrating which 
tracks must be broken on the stripboard. 
This arrangement of components and 
breaks can be repeated for the required 
number of channels. 

Since the MOSFET is being used as a 
logic level switch, it should be able to 
switch a current of up to 1A or so without 
a heatsink. However, if for any reason, the 
lamp fails to light at full brightness, this 
could be due to the MOSFET failing to 
switch on fully, causing it to become very 
hot. 

Should this happen, disconnect the power 
immediately and correct the cause of the 
malfunction. 


RESOURCES 


Preprogrammed HEX versions of the PICs 
for these designs can be obtained (mail order 
only) from: M. P. Horsey, Electronics Dept., 
Radley College, Abingdon, Oxon. OX14 
2HR. The price is £5.90 per PIC, including 
postage (overseas add £1 p&p). Specify the 
project for which the PIC is required. Enclose 
a cheque payable to Radley College. 

Software for these three designs and for 
Parts 1 and 3 of the series, (except the 
PICAXE programming software) is available 
on 3.5in disk (EPE Disk 5), for which a nom- 
inal handling charge applies, from the 
Editorial office (see the PCB Service page). It 
is also available for free download from the 
EPE fop site. 

PICAXE programming software can be 
obtained from: Tech-Supplies, Dept. EPE, 4 
Old Dairy Business Centre, Melcombe Road, 
Bath, BA2 3LR. 


The telephone number of Revolution 
Education is: 01225 340563, and their web 
site is at: www.rev-ed.co.uk. 


CONCLUSION 

It is hoped that this 3-part series featuring 
PICAXE-18 microcontrollers has demon- 
strated how simple they are to use in a variety 
of useful applications. 

The projects described have further illus- 
trated how derivatives of Microchip’s PIC 
microcontroller family are capable of being 
programmed without intimate knowledge of 
the commands and structure that is required 
when using “standard” PIC devices. 

If you have been programming your own 
PICAXE-18 devices using the proprietary 
software from Revolution Education, you 
will have also discovered that you do not nec- 
essarily need sophisticated assembly soft- 
ware and programming hardware. 


with David Barrington 


Wind Speed Meter 

The ultrasonic transducers for the Wind Speed Meter are standard 40kHz 
devices, normally sold as a transmitter/receiver pair. Those used in the 
prototype came from Rapid Electronics (& 01206 751166 or www.rapid 
electronics.co.uk) codes 35-0175 (Tx) and 35-0180 (Rx). 

The 20MHz version of the PIC16F628 microcontroller was purchased 
from RS, order code 379-2881, although it is likely to be stocked by other 
suppliers. RS devices can be ordered through any bona-fide stockist, includ- 
ing some of our advertisers. You can order direct (credit card only) from RS 
on 01536 444079 or through the web at rswww.com. A post and packing 
charge will be incurred. 

Fully programmed PICs can be purchased from Magenta Electronics 
(@ 01283 565435 or www.magenta2000.co.uk) for the inclusive price of 
£5.90 each (overseas add £1 p&p). The alphanumeric I.c.d. module used in 
the prototype also came from Magenta, but it is a standard two-line 16-char- 
acter per line device and should present no problems in purchasing from 
many other suppliers. 

The software is available on a 3.5in. PC-compatible disk (EPE Disk 6) from 
the EPE Editorial Office for the sum of £3 each (UK), to cover admin costs (for 
overseas charges see page 75). It is also available for free download from the 
EPE ttp site, which is most easily accessed via the click-link option at the top 
of the home page when you enter the main web site at www.epemag.wim 
borne.co.uk. On entry to the ftp site take the path pub/PICS/WindSpeed, 
downloading all files within the latter folder. 


EPE Minder 

Some readers may experience problems locating the RF Solutions 
433MHz transmitter and receiver modules used in the EPE Minder project. 
The author purchased his from Farnell (@ 0113 263 6311 or www.far 
nell.com), codes 722-5647 (Trans.) and 676-585 (Rec.) They also supplied 
the 8-pin d.i.l. version of the TS932 mircropower dual op.amp, code 332- 
9392. 

The encoder (HT12E) and decoder (HT12F) devices are currently listed 
by FML Electronics (@& 01677 425840). 
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F.M. Frequency Surfer 

The TDA7000 f.m. radio i.c., called for in the FM Frequency Surfer project, 
still appears to be widely stocked. It is currently listed by Cricklewood (@& 
020 8452 0161), FML Electronics (& 01677 425840) and Sherwood 
Electronics (mail order only — see advert). Prices seem to vary from about 
£3 to just over £5. 

The a.m./f.m. tuning capacitor VC2 is the type associated with small radio 
i.c.s (e.g. ZN414 and MK484) and should be fairly common. It is listed by 
ESR (@ 0191 2514363 or www.esr.co.uk ), code 896-110. However, the 
30pF single-turn, air-spaced, trimmer used in the prototype is only available 
from J. Birkett Supplies ( 01522 520767). 

We understand that Greenweld (@& 01277 811042 or www.green 
weld.co.uk) stock pad board, code CDT0137. An alternative would be plain 
matrix board. 


PICAXE Projects Pt.3 - Chaser Lights 

Ready-programmed HEX versions of the PICAXE-18 microcontroller for 
the PICAXE Projects can be purchased (mail order) from M.P. Horsey, 
Electronics Dept, Radley College, Abingdon, Oxon, OX14 2HR, for the 
inclusive sum of £5.90 each (overseas add £1 p&p). Specify for which pro- 
ject the PICAXE is wanted and make cheques payable to Radley College. 

Software for these designs (except PICAXE programming software) is 
available on a 3-5in. disk (Disk 5) from the EPE Editorial Office for the sum 
of £3 each (UK), see page 75. It is also available for Free download from the 
EPE ftp site. 

Most of the components used in the prototypes came from Rapid 
Electronics (@& 01206 751166 or www.rapidelectronics.co.uk) and have 
the following code numbers: BTAO8-600B (isolated tab) triac, 47-3254; 
TLP3042 triac driver opto-isolator, 58-0542; 1-5VA mains transformer, twin 
6V sec., 88-3010. They also list a suitable MOSFET (logic level) for the low 
voltage lamp driver circuit, code 47-0350. 


Printed Circuit Boards 
Details of prices and code numbers for ordering all this month’s printed cir- 
cuit boards can be found on page 75. 


PLEASE TAKE NOTE 
Digital |.C. Tester (Oct ’02) 


Version 2 of the software will be placed on the FTP site shortly. 


Al 


FREE Electronics Hobbyist Compendium 


book with Teach-In 2000 CD-ROM 


EPE TEACH-IN 
2000 CD-ROM 


The whole of the 12-part Teach-/n 2000 series by John 
Becker (published in EPE Nov ’99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interac- 
tive software covering all aspects of the series and 
Alan Winstanley’s Basic Soldering Guide (including 
illustrations and Desoldering). 


Teach-In 2000 covers all the basic principles of elec- 
tronics from Ohm’s Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter- 
active software where you can also change component 
values in the various on-screen demonstration circuits. 


The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim- 
ple computer interface which allows a PC to be used as 
a basic oscilloscope. 


ONLY £12.45 including VAT and p&p 


Robotics 


INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold 
Shows the reader how to build a variety of increasingly sophis- 
ticated computer controlled robots using the brilliant Lego 
Mindstorms Robotic Invention System (RIS). Initially covers 
fundamental building techniques and mechanics needed to 
construct strong and efficient robots using the various “click- 
together’ components supplied in the basic RIS kit. Then 
explains in simple terms how the “brain” of the robot may be 
programmed on screen using a PC and “zapped” to the robot 
over an infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC may 
be used to control the robots. 

Details building and programming instructions provided, 
including numerous step-by-step photographs. 


288 pages — large format Mle CmeereM =] £14.99 


MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold 


Covers the Vision Command System 


Shows the reader how to extend the capabilities of 
the brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some sim- 
ple home constructed units. You will be able to build 
robots that can provide you with ‘waiter service’ when 
you clap your hands, perform tricks, ‘see’ and avoid 
objects by using ‘bats radar’, or accurately follow a line 
marked on the floor. Learn to use additional types of 
sensors including rotation, light, temperature, sound 
and ultrasonic and also explore the possibilities provid- 
ed by using an additional (third) motor. For the less 
experienced, RCX code programs accompany most of 
the featured robots. However, the more adventurous 
reader is also shown how to write programs using 
Microsoft's VisualBASIC running with the ActiveX con- 
trol (Spirit-OCX) that is provided with the RIS kit. 

Detailed building instructions are provided for the fea- 
tured robots, including numerous step-by-step pho- 
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 


specific colour. 
Order code BP902 


298 pages 

ANDROIDS, ROBOTS AND ANIMATRONS - Second 
Edition — John lovine 

Build your own working robot or android using both off- 
the-shelf and workshop constructed materials and 
devices. Computer control gives these robots and 
androids two types of artificial intelligence (an expert sys- 
tem and a neural network). A lifelike android hand can be 
built and programmed to function doing repetitive tasks. A 
fully animated robot or android can also be built and pro- 
grammed to perform a wide variety of functions. 

The contents include an Overview of State-of-the-Art 
Robots; Robotic Locomotion; Motors and Power 
Controllers; All Types of Sensors; Tilt; Bump; Road and 
Wall Detection; Light; Speech and Sound Recognition; 
Robotic Intelligence (Expert Type) Using a Single-Board 
Computer Programmed in BASIC; Robotic Intelligence 
(Neutral Type) Using Simple Neural Networks (Insect 
Intelligence); Making a Lifelike Android Hand; A 
Computer-Controlled Robotic Insect Programmed in 
BASIC; Telepresence Robots With Actual Arcade and 
Virtual Reality Applications; A Computer-Controlled 
Robotic Arm; Animated Robots and Androids; Real-World 
Robotic Applications. 


Order code MGH1 


£14.99 


224 pages £16.99 
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DIRECT BOOK SERVICE 


NOTE: ALL PRICES INCLUDE UK POSTAGE 


The books listed have been selected by Everyday Practical Electronics 
editorial staff as being of special interest to everyone involved in elec- 
tronics and computing. They are supplied by mail order to your door. 
Full ordering details are given on the last book page. 


For a further selection of books see the next two issues of EPE. 


Radio 


BASIC RADIO PRINCIPLES AND TECHNOLOGY 
lan Poole 
Radio technology is becoming increasingly important in 
today’s high technology society. There are the traditional 
uses of radio which include broadcasting and point to 
point radio as well as the new technologies of satellites 
and cellular phones. All of these developments mean 
there is a growing need for radio engineers at all levels. 
Assuming a basic knowledge of electronics, this book 
provides an easy to understand grounding in the topic. 
Chapters in the book: Radio Today, Yesterday, and 
Tomorrow; Radio Waves and Propagation; Capacitors, 
Inductors, and Filters; Modulation; Receivers; 
Transmitters; Antenna Systems; Broadcasting; Satellites; 


Personal Communications; Appendix —- _ Basic 
Calculations. 
263 pages Order code NE30 £15.99 


PROJECTS FOR RADIO AMATEURS AND S.W.L.S. 

R. A. Penfold 

This book describes a number of electronic circuits, most 
of which are quite simple, which can be used to enhance 
the performance of most short wave radio systems. 

The circuits covered include: An aerial tuning unit; A 
simple active aerial; An add-on b.f.o. for portable sets; 
A wavetrap to combat signals on spurious responses; An 
audio notch filter; A parametric equaliser; C.W. and S.S.B. 
audio filters; Simple noise limiters; A speech processor; A 
volume expander. 

Other useful circuits include a crystal oscillator, and 
RTTY/C.W. tone decoder, and a RTTY serial to parallel 
converter. A full range of interesting and useful circuits for 
short wave enthusiasts. 


Order code BP304 £4.45 


92 pages 


AN INTRODUCTION TO AMATEUR RADIO 

I. D. Poole 

Amateur radio is a unique and fascinating hobby which 
has attracted thousands of people since it began at the 
turn of the century. This book gives the newcomer a com- 
prehensive and easy to understand guide through the 
subject so that the reader can gain the most from the 
hobby. It then remains an essential reference volume to 
be used time and again. Topics covered include the basic 
aspects of the hobby, such as operating procedures, jar- 
gon and setting up a station. Technical topics covered 
include propagation, receivers, transmitters and aerials 


etc. 
Order code BP257 £5.49 


150 pages 

VALVE RADIO AND AUDIO REPAIR HANDBOOK 
Chas Miller 

This book is not only an essential read for every profes- 
sional working with antique radio and gramophone 
equipment, but also dealers, collectors and valve tech- 
nology enthusiasts the world over. The emphasis is firm- 
ly on the practicalities of repairing and restoring, so 
technical content is kept to a minimum, and always 
explained in a way that can be followed by readers with 
no background in electronics. Those who have a good 
grounding in electronics, but wish to learn more about 
the practical aspects, will benefit from the emphasis 
given to hands-on repair work, covering mechanical as 
well as electrical aspects of servicing. Repair techniques 
are also illustrated throughout. 

A large reference section provides a range of infor- 
mation compiled from many contemporary sources, and 
includes specialist dealers for valves, components and 
complete receivers. 


Order code NE34 


288 pages £20.99 


Computers and Computing 


MULTIMEDIA ON THE PC 

lan R. Sinclair 

In this book, you'll find out what a CD ROM is, how it 
works, and why it is such a perfect add-on for a PC, 
allowing you to buy programmes, text, graphics and 
sound on a CD. It also describes the installation of aCD 
ROM drive and a sound card, pointing out the common 
problems that arise, and then shows how to use them to 
create a complete multimedia presentation that con- 
tains text, photos, a soundtrack with your own voice 
recorded as a commentary, even animation and edited 


video footage. 
Order code PC112 


HOW TO BUILD YOUR OWN PC - Third Edition 
Morris Rosenthal 

More and more people are building the own PCs. They 
get more value for their money, they create exactly the 
machine they want, and the work is highly satisfying 
and actually fun. That is, if they have a unique begin- 
ner’s guide like this one, which visually demonstrates 
how to construct a state-of-the-art computer from start 
to finish. 

Through 150 crisp photographs and clear but minimal 
text, readers will confidently absorb the concepts of 
computer building. The extra-big format makes it easy 
to see what's going on in the pictures. For non-special- 
ists, there’s even a graphical glossary that clearly 
illustrates technical terms. The author goes “under the 
hood” and shows step-by-step how to create a socket 7 
(Pentium and non-intel chipsets) and a Slot 1 (Pentium 
Il) computer, covering: What first-time builders need to 
know; How to select and purchase parts; How to 
assemble the PC; How to install Windows 98. The few 
existing books on this subject, although badly outdated, 
are in steady demand. This one delivers the expertise 
and new technology that fledgling computer builders 
are eagerly looking for. 


224 pages — large format Wie)ge(smeroye(-M" (€1 5 a £20.99 


184 pages £12.95 


PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EDITION John Morton 

Discover the potential of the PIC micro- 
controller through graded projects — this book could 
revolutionise your electronics construction work! 


A uniquely concise and practical guide to getting up 
and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design. 

Assuming no prior knowledge of microcontrollers 
and introducing the PIC’s capabilities through simple 
projects, this book is ideal for use in schools and col- 
leges. It is the ideal introduction for students, teachers, 
technicians and electronics enthusiasts. The step-by- 
step explanations make it ideal for self-study too: this 
is not a reference book — you start work with the PIC 
straight away. 

The revised second edition covers the popular repro- 
grammable EEPROM PICs: P16C84/16F84 as well as 
the P54 and P71 families. 


Order code NE36 


UNDERSTANDING PC SPECIFICATIONS 

R. A. Penfold (Revised Edition) 

If you require a microcomputer for business applica- 
tions, or a high quality home computer, an IBM PC or 
compatible is often the obvious choice. They are com- 
petitively priced, and are backed up by an enormous 
range of applications programs, hardware add-ons, etc. 
The main difficulty for the uninitiated is deciding on the 
specification that will best suit his or her needs. PCs 
range from simple systems of limited capabilities up to 
complex systems that can happily run applications that 
would have been considered beyond the abilities of a 
microcomputer not so long ago. It would be very easy to 
choose a PC system that is inadequate to run your 
applications efficiently, or one which goes beyond your 
needs and consequently represents poor value for 
money. 

This book explains PC specifications in detail, and 
the subjects covered include the following: Differences 
between types of PC (XT, AT, 80386, etc); Maths co- 
processors; Input devices (keyboards, mice, and digitis- 
ers); Memory, including both expanded (EMS) and 
extended RAM; RAM disks and disk caches; Floppy 
disk drive formats and compatibility; Hard disk drives 
(including interleave factors and access times); Display 
adaptors, including all standard PC types (CGA, 
Hercules, Super VGA, etc); Contains everything you 
need to know if you can’t tell your EMS from your EGA! 


Order code BP282 £5.45 


270 pages £13.99 
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Theory and Reference 


Bebop To The 
Boolean Boogie 


By Clive (call me 
Max) Maxfield 
Specially imported 
by EPE - Excellent 
value 


An Unconventional 
Guide to 5 
Electronics ae) 
Fundamentals, lag 
Components and 
Processes 


This book gives the 
“big picture” of digital 
electronics. This 
indepth, highly readable, up-to-the-minute guide shows you 
how electronic devices work and how they’re made. You'll 
discover how transistors operate, how printed circuit 
boards are fabricated, and what the innards of memory ICs 
look like. You'll also gain a working knowledge of Boolean 
Algebra and Karnaugh Maps, and understand what Reed- 
Muller logic is and how it's used. And there’s much, MUCH 
more (including a recipe for a truly great seafood gumbo!). 
Hundreds of carefully drawn illustrations clearly show the 
important points of each topic. The author's tongue-in- 
cheek British humor makes it a delight to read, but this is a 
REAL technical book, extremely detailed and accurate. A 
great reference for your own shelf, and also an ideal gift for 
a friend or family member who wants to understand what it 
is you do all day... . 


BrROPE 


BOOLGN 
BOGE 


470 pgs — large format Fieyge(tmeroye (“8 =] =H £26.95 


BEBOP BYTES BACK (and the 

Beboputer Computer Simulator) 
CD-ROM 
Clive (Max) Maxfield and Alvin 
Brown 


This follow-on to Bebop to the 
Boolean Boogie is a multimedia 
extravaganza of information 
about how computers work. It 
picks up where “Bebop |” left off, 
guiding you through the fascinat- 
ing world of computer design .. . 


and you'll have a few chuckles, if not belly laughs, along 
the way. In addition to over 200 megabytes of mega-cool 
multimedia, the CD-ROM contains a virtual microcomput- 
er, simulating the motherboard and standard computer 
peripherals in an extremely realistic manner. In addition to 
a wealth of technical information, myriad nuggets of triv- 
ia, and hundreds of carefully drawn illustrations, the CD- 
ROM contains a set of lab experiments for the virtual 
microcomputer that let you recreate the experiences of 
early computer pioneers. If you're the slightest bit inter- 
ested in the inner workings of computers, then don’t dare 
to miss this! 

Over 800 pages in Adobe Acrobat format 

£21.95 including VAT and p&p 


Order code BEB2 CD-ROM 


ELECTRONICS MADE SIMPLE 

lan Sinclair 

Assuming no prior knowledge, Electronics Made Simple 
presents an outline of modern electronics with an empha- 
sis on understanding how systems work rather than on 
details of circuit diagrams and calculations. It is ideal for 
students on a range of courses in electronics, including 
GCSE, C&G and GNVQ, and for students of other 
subjects who will be using electronic instruments and 
methods. 

Contents: waves and pulses, passive components, 
active components and ICs, linear circuits, block and 
circuit diagrams, how radio works, disc and tape record- 
ing, elements of TV and radar, digital signals, gating 
and logic circuits, counting and correcting, micro- 
processors, calculators and computers, miscellaneous 


systems. 
Order code NE23 £13.99 


199 pages 
SCROGGIE’S FOUNDATIONS OF WIRELESS 
AND ELECTRONICS — ELEVENTH EDITION 
S.W. Amos and Roger Amos 
Scroggie’s Foundations is a classic text for anyone work- 
ing with electronics, who needs to know the art and craft 
of the subject. It covers both the theory and practical 
aspects of a huge range of topics from valve and tube 
technology, and the application of cathode ray tubes to 
radar, to digital tape systems and optical recording 
techniques. 

Since Foundations of Wireless was first published over 60 


years ago, it has helped many thousands of readers to 
become familiar with the principles of radio and electronics. 
The original author Sowerby was succeeded by Scroggie in 
the 1940s, whose name became synonymous with this 
classic primer for practitioners and students alike. Stan 
Amos, one of the fathers of modern electronics and the 
author of many well-known books in the area, took over the 
revision of this book in the 1980s and it is he, with his son, 
who have produced this latest version. 


400 pages Order code NE27 £21.99 


GETTING THE MOST FROM YOUR MULTIMETER 

R. A. Penfold 

This book is primarily aimed at beginners and those of 
limited experience of electronics. Chapter 1 covers the 
basics of analogue and digital multimeters, discussing the 
relative merits and the limitations of the two types. In 
Chapter 2 various methods of component checking are 
described, including tests for transistors, thyristors, resis- 
tors, capacitors and diodes. Circuit testing is covered in 
Chapter 3, with subjects such as voltage, current and 
continuity checks being discussed. 

In the main little or no previous knowledge or experi- 
ence is assumed. Using these simple component and cir- 
cuit testing techniques the reader should be able to con- 
fidently tackle servicing of most electronic projects. 


Order code BP239 £4.49 


DIGITAL GATES AND FLIP-FLOPS 

lan R. Sinclair 

This book, intended for enthusiasts, students and techni- 
cians, seeks to establish a firm foundation in digital elec- 
tronics by treating the topics of gates and flip-flops thor- 
oughly and from the beginning. 

Topics such as Boolean algebra and Karnaugh map- 
ping are explained, demonstrated and used extensively, 
and more attention is paid to the subject of synchronous 
counters than to the simple but less important ripple 
counters. 

No background other than a basic knowledge of elec- 
tronics is assumed, and the more theoretical topics are 
explained from the beginning, as also are many working 
practices. The book concludes with an explanation of 
microprocessor techniques as applied to digital logic. 


Order code PC106 £9.95 


96 pages 


200 pages 


Music, Audio and Video 


QUICK GUIDE TO ANALOGUE SYNTHESIS 

lan Waugh 

Even though music production has moved into the digi- 
tal domain, modern synthesisers invariably use ana- 
logue synthesis techniques. The reason is simple — 
analogue synthesis is flexible and versatile, and it’s rel- 
atively easy for us to understand. The basics are the 
same for all analogue synths, and you'll quickly be able 
to adapt the principles to any instrument, to edit exist- 
ing sounds and create exciting new ones. This book 
describes: How analogue synthesis works; The essen- 
tial modules every synthesiser has; The three steps to 
synthesis; How to create phat bass sounds; How to 
generate filter sweeps; Advanced synth modules; How 
to create simple and complex synth patches; Where to 
find soft synths on the Web. 

If you want to take your synthesiser — of the hardware 
or software variety — past the presets, and program 
your own sounds and effects, this practical and well- 
illustrated book tells you what you need to know. 


Order code PC118 £7.45 


QUICK GUIDE TO MP3 AND DIGITAL MUSIC 

lan Waugh 

MP3 files, the latest digital music format, have taken the 
music industry by storm. What are they? Where do you 
get them? How do you use them? Why have they thrown 
record companies into a panic? Will they make music 
easier to buy? And cheaper? Is this the future of music? 

All these questions and more are answered in this 
concise and practical book which explains everything 
you need to know about MP3s in a simple and easy-to- 
understand manner. It explains: 

How to play MP3s on your computer; How to use 
MP3s with handheld MP3 players; Where to find MP3s 
on the Web; How MP3s work; How to tune into Internet 
radio stations; How to create your own MP3s; How to 
record your own CDs from MP3 files; Other digital audio 
music formats. 

Whether you want to stay bang up to date with the lat- 
est music or create your own MP8s and join the on-line 
digital music revolution, this book will show you how. 


60 pages Order code PC119 £7.45 


60 pages 


ALL PRICES 
INCLUDE UK POST 
AND PACKING 


CD-ROM prices include VAT 
and/or postage to anywhere 
in the world 


ELECTRONIC MUSIC AND MIDI PROJECTS 

R. A. Penfold 

Whether you wish to save money, boldly go where no musi- 
cian has gone before, rekindle the pioneering spirit, or sim- 
ply have fun building some electronic music gadgets, the 
designs featured in this book should suit your needs. The 
projects are all easy to build, and some are so simple that 
even complete beginners at electronic project construction 
can tackle them with ease. Stripboard layouts are provided 
for every project, together with a wiring diagram. The 
mechanical side of construction has largely been left to 
individual constructors to sort out, simply because the vast 
majority of project builders prefer to do their own thing in 
this respect. 

None of the designs requires the use of any test equip- 
ment in order to get them set up properly. Where any set- 
ting up is required, the procedures are very straightforward, 
and they are described in detail. 

Projects covered: Simple MIIDI tester, Message grabber, 
Byte grabber, THRU box, MIDI auto switcher, Auto/manual 
switcher, Manual switcher, MIDI patchbay, MIDI controlled 
switcher, MIDI lead tester, Program change pedal, 
Improved program change pedal, Basic mixer, Stereo 
mixer, Electronic swell pedal, Metronome, Analogue echo 


unit. 
Order code PC116 £10.95 


124 pages 

THE INVENTOR OF STEREO - THE LIFE AND WORKS 
OF ALAN DOWER BLUMLEIN 

Robert Charles Alexander 

This book is the definitive study of the life and works of 
one of Britain’s most important inventors who, due to a 
cruel set of circumstances, has all but been overlooked by 
history. 

Alan Dower Blumlein led an extraordinary life in which his 
inventive output rate easily surpassed that of Edison, but 
whose early death during the darkest days of World War 
Two led to a shroud of secrecy which has covered his life 
and achievements ever since. 

His 1931 Patent for a Binaural Recording System was 
so revolutionary that most of his contemporaries regard- 
ed it as more than 20 years ahead of its time. Even years 
after his death, the full magnitude of its detail had not 
been fully utilized. Among his 128 patents are the princi- 
pal electronic circuits critical to the development of the 
world’s first elecronic television system. During his short 
working life, Blumlein produced patent after patent 
breaking entirely new ground in electronic and audio 
engineering. 

During the Second World War, Alan Blumlein was deeply 
engaged in the very secret work of radar development and 
contributed enormously to the system eventually to become 
‘H25' — blind-bombing radar. Tragically, during an experi- 
mental H2S flight in June 1942, the Halifax bomber in which 
Blumlein and several colleagues were flying, crashed and 
all aboard were killed. He was just days short of his thirty- 


ninth birthday. 
Order code NE32 £16.99 


420 pages 
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VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR 

R. A. Penfold 

Written by highly respected author R. A. Penfold, this book 
contains a collection of electronic projects specially designed 
for video enthusiasts. All the projects can be simply con- 
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard. 

There are faders, wipers and effects units which will 
add sparkle and originality to your video recordings, an 
audio mixer and noise reducer to enhance your sound- 
tracks and a basic computer control interface. Also, 
there’s a useful selection on basic video production 
techniques to get you started. 

Complete with explanations of how the circuit works, shop- 
ping lists of components, advice on construction, and guid- 
ance on setting up and using the projects, this invaluable 
book will save you a small fortune. 

Circuits include: video enhancer, improved video 
enhancer, video fader, horizontal wiper, improved video 
wiper, negative video unit, fade to grey unit, black and white 
keyer, vertical wiper, audio mixer, stereo headphone 
amplifier, dynamic noise reducer, automatic fader, pushbut- 
ton fader, computer control interface, 12 volt mains power 


supply. 
Order code PC115 £10.95 


124 pages 

PC MUSIC —- THE EASY GUIDE 

Robin Vincent 

How do | make music on my PC? Can | record music onto 
my PC? What's a sequencer? How can | get my PC to print 
a music score? What sort of a soundcard do | need? What 
hardware and software do | need? How do | connect a key- 
board to my PC?: 

Just a few of the questions you've probably asked. Well, 
you'll find the answers to all these questions, and many 
more, in this book. It will show you what can be done, what 
it all means, and what you will need to start creating your 
own music on your PC. It's an easy read, it’s fully illustrated 
and it will help you understand how a computer can be used 
as a creative music tool. 

It covers soundcards, sequencers, hard disk digital audio 
recording and editing, plug-ins, printing scores with notation 
software, using your PC as a synthesiser, getting music onto 
and off the Internet, using Windows, sample PC music set- 
ups, FAQs, a glossary, advice on hardware and software, 
and a list of industry contacts. 


116 pages Order code PC117 £11.95 


HIGH POWER AUDIO AMPLIFIER CONSTRUCTION 

R. A. Penfold 

Practical construction details of how to build a number of 
audio power amplifiers ranging from about 50 to 300/400 
watts r.m.s. includes MOSFET and bipolar transistor 


designs. 
Order code BP277 £4.49 


96 pages 
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Circuits, 
Data and 
Design 


PRACTICAL ELECTRONIC FILTERS 

Owen Bishop 

This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in sim- 
ple terms how each type works and how it is used. 

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructors workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ. 

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples. 


Order code BP299 £5.49 


DIGITAL ELECTRONICS — 

A PRACTICAL APPROACH FREE 
With FREE Software: Number One fRega7NiiS 
Systems — EASY-PC 

Professional XM and Pulsar (Limited Functionality) 
Richard Monk 

Covers binary arithmetic, Boolean algebra and logic 
gates, combination logic, sequential logic including the 
design and construction of asynchronous and synchro- 
nous circuits and register circuits. Together with a consid- 
erable practical content plus the additional attraction of its 
close association with computer aided design including 
the FREE software. 

There is a ‘blow-by-blow’ guide to the use of EASY-PC 
Professional XM (a schematic drawing and printed circuit 
board design computer package). The guide also con- 
ducts the reader through logic circuit simulation using 
Pulsar software. Chapters on p.c.b. physics and p.c.b. 
production techniques make the book unique, and with its 
host of project ideas make it an ideal companion for the 
integrative assignment and common skills components 
required by BTEC and the key skills demanded by GNVQ. 
The principal aim of the book is to provide a straightfor- 
ward approach to the understanding of digital electronics. 

Those who prefer the ‘Teach-In’ approach or would 
rather experiment with some simple circuits should find 
the book’s final chapters on printed circuit board produc- 
tion and project ideas especially useful. 


Order code NE28  Ba—eR}:) 


88 pages 


250 pages (large format) 


A BEGINNER’S GUIDE TOTTL DIGITAL ICs 

R. A. Penfold 

This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic 
integrated circuits. The devices covered include gates, 
oscillators, timers, flip/flops, dividers, and decoder cir- 
cuits. Some practical circuits are used to illustrate the use 
of TTL devices in the “real world”. 


142 pages Order code BP332 £5.45 
HOW TO USE OP.AMPS 
E. A. Parr 


This book has been written as a designer's guide 
covering many operational amplifiers, serving both as a 
source book of circuits and a reference book for design 
calculations. The approach has been made as non-math- 
ematical as possible. 


Order code BP88 £4.49 


CIRCUIT SOURCE BOOK 2 

R. A. Penfold 

This book will help you to create and experiment with your 
own electronic designs by combining and using the vari- 
ous standard “building blocks” circuits provided. Where 
applicable, advice on how to alter the circuit parameters 
is provided. 

The circuits covered are mainly concerned with signal 
generation, power supplies, and digital electronics. 

The topics covered in this book include: 555 oscillators; 
sinewave oscillators; function generators; CMOS oscilla- 
tors; voltage controlled oscillators; radio frequency 
oscillators; 555 monostables; CMOS monostables; TTL 
monostables; precision long timers; power supply and 
regulator circuits; negative supply generators and voltage 
boosters; digital dividers; decoders, etc; counters and dis- 
play drivers; D/A and A/D converters; opto-isolators, 
flip/flops, noise generators, tone decoders, etc. 

Over 170 circuits are provided, which it is hoped will be 
useful to all those involved in circuit design and applica- 
tion, be they professionals, students or hobbyists. 


Order code BP322 £5.45 


160 pages 


192 pages 


For a further selection 
of books see the next 


two issues of EPE 
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Project Building & Testing 


ELECTRONIC PROJECTS FOR EXPERIMENTERS 

R. A. Penfold 

Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the 
dreaded “seen it all before” syndrome. This book is fairly 
and squarely aimed at sufferers of this complaint, plus 
any other electronics enthusiasts who yearn to try some- 
thing a bit different. No doubt many of the projects fea- 
tured here have practical applications, but they are all 
worth a try for their interest value alone. 

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca- 
tion, Noise cancelling, LED stroboscope, Infra-red “torch”, 
Electronic breeze detector, Class D power amplifier, 
Strain gauge amplifier, Super hearing aid. 


Order code BP371 £5.45 


ELECTRONIC PROJECT BUILDING FOR BEGINNERS 

R. A. Penfold 

This book is for complete beginners to electronic project 
building. It provides a complete introduction to the practi- 
cal side of this fascinating hobby, including the following 
topics: 

Component identification, and buying the right parts; 
resistor colour codes, capacitor value markings, etc; 
advice on buying the right tools for the job; soldering; 
making easy work of the hard wiring; construction meth- 
ods, including stripboard, custom printed circuit boards, 
plain matrix boards, surface mount boards and wire-wrap- 
ping; finishing off, and adding panel labels; getting “prob- 
lem” projects to work, including simple methods of fault- 
finding. 

In fact everything you need to know in order to get start- 
ed in this absorbing and creative hobby. 


Order code BP392 £5.49 


PRACTICAL FIBRE-OPTIC PROJECTS 

R. A. Penfold 

While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics 
enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an 
innovative interesting alternative to electric cables, but in 


138 pages 


135 pages 


most cases they also represent a practical approach to 
the problem. This book provides a number of tried and 
tested circuits for projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, FM. audio 
link, P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI 
link, Loop alarms, R.P.M. meter. 

All the components used in these designs are readily 
available, none of them require the constructor to take out 
a second mortgage. 


Order code BP374 £5.45 


132 pages 


RADIO BYGONES 


We also carry a selection of books 
aimed at readers of EPE’s sister maga- 
zine on vintage radio Radio Bygones. 
These books include the Comprehensive 
Radio Valve Guides (five books with a 
Free copy of the Master Index) for just 
£15. Also Jonathan Hill’s excellent Radio 
Radio, a comprehensive book with hun- 
dreds of photos depicting the develop- 
ment of the British wireless set up to the 
late 1960s. 

The three volumes of our own Wireless 
For the Warrior by Louis Meulstee are 
also available. These are a technical his- 
tory of radio communication equipment in 
the British Army from pre-war through to 
the 1960s. 

For details see the shop on our UK web 
site at www.epemag.wimborne.co.uk or 
contact us for a list of Radio Bygones 
books. 


BOOK ORDERING DETAILS 


All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices 
include VAT and/or postage to anywhere in the world. Send a PO, cheque, international money 
order (£ sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, 


Amex, Diners Club or Switch to: 


DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND. 

Books are normally sent within seven days of receipt of order, but please allow 28 days for 
delivery — more for overseas orders. Please check price and availability (see latest issue of 
Everyday Practical Electronics) before ordering from old lists. 

For a further selection of books see the next two issues of EPE. 
Tel 01202 873872 Fax 01202 874562. Email: dbs @epemag.wimborne.co.uk 
Order from our online shop at: www.epemag.wimborne.co.uk/shopdoor.htm 
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If you do not wish to cut your magazine, send a letter or copy of this form 


Everyday Practical Electronics, January 2003 


PCB SERVICE 


Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics, Wimborne Publishing Ltd., 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
E-mail: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only). 

NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
— overseas readers allow extra if ordered by surface mail. 

Back numbers or photostats of articles are available if required — see the Back 
Issues page for details. We do not supply kits or components for our projects. 


Please check price and availability in the latest issue. 


A number of older boards are listed on our website. 
Boards can only be supplied on a payment with order basis. 
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Tone Control 
Bandpass Filter 
Frequency Standard Generator — Receiver 
— Digital 


* Biopic Heartbeat Monitor 


%& PIC Monitored Dual PSU-1 PSU DEC ’00 jj 280 
Monitor Unit 281 
Static Field Detector (Multi-project PCB) 932 


Simple Audio Circuits — 3 
— Dual Output Power Supply 
— Crossover/Audio Filter 
Infra-Red Autoswitch 
% EPE StyloPIC 
Rotary Combination Lock — Main Board 
— Interface Board 


Two-Way Intercom 282 

UFO Detector and Event Recorder 
Magnetic Anomaly Detector 283 
Event Recorder 284 ¢ Sell 
Audio Alarm 285 

% Using PICs and Keypads Software only = 


% Using the PIC’s PCLATH Command — Software onl = 
Big-Ears Buggy AUG 02 | 362 

4% PIC World Clock 363 
Simple Audio Circuits—4 


Low Freq. Oscillator 364 
Resonance Detector 365 


Vinyl-To-CD Preamplifier | SEPT ’02 | 366 
%* Freebird Glider Control 367 
%& Morse Code Reader 368 


Ice Alarm 287 

+ Graphics L.C.D. Display with PICs (Supp) 288 

Using the LM3914-6 L.E.D. Bargraph Drivers 
Multi-purpose Main p.c.b. 289 
Relay Control zo} Sell 
L.E.D. Display 291 

% PC Audio Power Meter Software only = 


Headset Communicator | OCT ’02 | 369 

EPE Bounty Treasure Hunter 370 
+* % Digital 1.C. Tester 371 
4% PIC-Pocket Battleships — Software only = 


Doorbell Extender: Transmitter 292 
Receiver 293 
Trans/Remote 294 
Rec./Relay 295, 


Transient Tracker 372 
%& PICAXE Projects—1: Egg Timer; Dice Machine; 
Quiz Game Monitor (Multiboard) 373 

%& Tuning Fork & Metronome 374 
%& %& EPE Hybrid Computer — Main Board double- 375 
— Atom Board sided 376 


EPE Snug-bug Heat Control for Pets 296 
Intruder Alarm Control Panel 
Main Board 297 
External Bell Unit 298 


%& PICAXE Projects—2: Temperature Sensor; 
Voltage Sensor; VU Indicator (Multiboard) 373 
% Versatile PIC Flasher 377 


Camcorder Mixer 299 
% PIC Graphics L.C.D. Scope 300 


Hosepipe Controller 301 
Magfield Monitor (Sensor Board) 302 
Dummy PIR Detector 303 
%& PIC16F87x Extended Memory Software only - 


Stereo/Surround Sound Amplifier 304 
Perpetual Projects Uniboard—1 305 
Solar-Powered Power Supply & Voltage Reg. 
MSF Signal Repeater and Indicator 
Repeater Board 306 
Meter Board 307 
%* PIC to Printer Interface 308 


Lead/Acid Battery Charger 309 
Shortwave Loop Aerial 310 
%* Digitimer — Main Board 311 
— R.F. Board 312 

Perpetual Projects Uniboard—2 
L.E.D. Flasher — Double Door-Buzzer 305 


Perpetual Projects Uniboard—3 305 
Loop Burglar Alarm, Touch-Switch Door-Light 
and Solar-Powered Rain Alarm 

L.E.D. Super Torches — Red Main 313 s 

— Display Red aia} et 
— White L.E.D. 315 

%* Sync Clock Driver 316 

%* Water Monitor 317 

Camcorder Power Supply | OCT ’01 | 318 

PIC Toolkit Mk3 319 

Perpetual Projects Uniboard—4. Gate Sentinel, Solar- 305 


powered Bird Scarer and Solar-Powered Register 

Teach-In 2002 Power Supply NOV Ol] 320 
Lights Needed Alert 321 

Pitch Switch 322 
Capacitance Meter — Main Board (double-sided) 323 Ss 

— Display Board (double-sided) 3oag Set 

* *PIC Toolkit TK3 — Software only - 
4-Channel Twinkling Lights 325 


£6.82 


Ghost Buster — Mic 326 
— Main 207} sa Paced 


%* PIC Polywhatsit — Digital 
— Analogue 


328 
329 Sat £7.61 
Forever Flasher 330 


Time Delay Touch Switch 331 
%* PIC Magick Musick 332 
Versatile Bench Power Supply 333 


%* PIC Spectrum Analyser | FEB ’02 | 334 


Versatile Current Monitor 335 
Guitar Practice Amp 336 


%& PIC Virus Zapper 337 
RH Meter 338 
%* PIC Mini-Enigma — Software only = 
%* Programming PIC Interrupts — Software only = 
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%& PICAXE Projects—3: Chaser Lights AN ’0 373 
6-Channel Mains Interface 381 

EPE Minder — Transmitter 378 
— Receiver 379 

% Wind Speed Monitor 380 


EPE SOFTWARE 


Software programs for EPE projects marked with a single asterisk * are available on 
3-5 inch PC-compatible disks or free from our Internet site. The following disks are avail- 
able: PIC Tutorial (Mar-May ’98); PIC Toolkit Mk2 V2-4d (May-Jun ’99); EPE Disk 1 (Apr 
’95-Dec '98); EPE Disk 2 (1999); EPE Disk 3 (2000); EPE Disk 4 (2001); EPE Disk 5 
(2002); EPE Disk 6 (Jan 2003 issue to current cover date); EPE Teach-In 2000; EPE 
Spectrum; EPE Interface Disk 1 (October '00 issue to current cover date). * * The 
software for these projects is on CD-ROM. The 3-5 inch disks are £3.00 each (UK), the 
CD-ROMs are £6.95 (UK). Add 50p each for overseas surface mail, and £1 each for air- 
mail. All are available from the EPE PCB Service. All files can be downloaded free from 
our Internet FTP site: ftp://ftp.epemag.wimborne.co.uk. 


EPE PRINTED CIRCUIT BOARD SERVICE 
Order Code Project Quantity Price 


... (cheque/PO in £ sterling only) to: 


VISA Everyday ; 

Practical Electronics 

MasterCard, Amex, Diners 
Club, Visa or Switch 

Card NO. .......cccsccccsssseceessseeesssseeees 


Card Exp. Date 


Card Security Code 
(The last 3 digits on or just under the signature strip) 


Signature 


NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Internet site on a secure server: 


http://www.epemag.wimborne.co.uk/shopdoor.htm 


WD 


WHETHER ELECTRONICS IS YOUR HOBBY 
OR YOUR LIVELIHOOD... 


you NEED THE MODERN ELECTRONICS MANUAL 
and th ELECTRONICS SERVICE MANUAL 


THE MODERN ELECTRONICS MANUAL (CD-ROM VERSION ONLY) 


The essential reference 
work for everyone 
studying electronics 


Over 800 pages 

In-depth theory 

Projects to build 

Detailed assembly instructions 
Full components checklists 
Extensive data tables 
Manufacturers’ web links 
Easy-to-use Adobe Acrobat 
format 


Clear and simple layout 
Comprehensive subject range 
Professionally written 
Regular Supplements 


EVERYTHING YOU NEED TO GET 
STARTED AND GO FURTHER IN ELECTRONICS! 


The revised CD-ROM edition of the Modern Electronics Base 
Manual (MEM) contains practical, easy-to-follow information on the 
following subjects: 


BASIC PRINCIPLES: Electronic Components and their 
Characteristics (16 sections from Resistors and Potentiometers to 
Crystals, Crystal Modules and Resonators); Circuits Using Passive 
Components (10 sections); Power Supplies; The Amateur 
Electronics Workshop; The Uses of Semiconductors; Digital 
Electronics (6 sections); Operational Amplifiers; Introduction to 
Physics, including practical experiments; Semiconductors 

(5 sections) and Digital Instruments (3 sections). 


CIRCUITS TO BUILD: There's nothing to beat the satisfaction of 
creating your own projects. From basic principles, like soldering 
and making printed circuit boards, to the tools needed for 
circuit-building, the Modern Electronics Manual and its 
Supplements describe clearly, with appropriate diagrams, how to 
assemble a radio, loudspeaker circuits, amplifiers, car projects, 


a computer interface, measuring instruments, workshop 
equipment, security systems, medical and musical circuits, etc. 
The Base Manual describes 12 projects including a Theremin 
and a Simple TENS Unit. 


ESSENTIAL DATA: Extensive tables on diodes, transistors, 
thyristors and triacs, digital and linear i.c.s. 


EXTENSIVE GLOSSARY: Should you come across a technical 
word, phrase or abbreviation you're not familiar with, simply look 
up the glossary included in the Manual and you'll find a 
comprehensive definition in plain English. 


The Manual also covers Safety and provides web links to 
component and equipment Manufacturers and Suppliers. 

The most comprehensive reference work ever produced at a price 
you can afford, the CD-ROM edition of THE MODERN 
ELECTRONICS MANUAL provides you with all the essential 
information you need. 


THE MODERN ELECTRONICS MANUAL wen - co-rom version only) 


Revised CD-ROM Edition of Basic Work: Contains over 800 pages of information in Adobe Acrobat format. Edited by John Becker. 
Regular Supplements: Additional CD-ROMs each containing approximately 500 pages of additional information on specific areas of 
electronics will be available for £19.95 each. Information on the availability and content of each Supplement CD-ROM will be sent to you as they 


become available. 


Presentation: CD-ROM suitable for any modern PC. Requires Adobe Acrobat Reader which is included on the MEM CD-ROM. 


Price of the Basic Work: £29.95 POST FREE. 


ORDER BOTH MANUALS TOGETHER AND SAVE £10 


A mass of well-organised and clearly explained Information Is brought to you by expert editorial 


teams whose combined experience ensures the widest coverage 
Regular Supplements to these unique publications, keep you abreast of the latest technology and 
techniques If required 


ELECTRONICS SERVICE MANUAL 


(PRINTED VERSION ONLY) 


EVERYTHING YOU NEED TO KNOW TO GET STARTED IN The essential work for 
SAFETY: Be knowledgeable about Safety Regulations, Electrical Safety and First Aid. electronic equipment 


UNDERPINNING KNOWLEDGE: Specific sections enable you to Understand Electrical 


and Electronic Principles, Active and Passive Components, Circuit Diagrams, Circuit @ Around 900 pages 


Measurements, Radio, Computers, Valves and Manufacturers' Data, etc. oF undamenial principles 
PRACTICAL SKILLS: Learn how to identify Electronic Components, Avoid Static @ Troubleshooting techniques 
Hazards, Carry Out Soldering and Wiring, Remove and Replace Components. @ Servicing techniques 
TEST EQUIPMENT: How to Choose and Use Test Equipment, Assemble a Toolkit, Set * ele and using test 
Up a Workshop, and Get the Most from Your Multimeter and Oscilloscope, etc. 
SERVICING TECHNIQUES: Th lar Suppl ts include vital guideli how t ete ee 

: The regular Supplements include vital guidelines on how to pe 
Service Audio Amplifiers, Radio Receivers, TV Receivers, Cassette Recorders, Video © Easy-to wie format 
Recorders, Personal Computers, etc. Clear simple layout 

e 

TECHNICAL NOTES: Commencing with the IBM PC, this section and the regular MibaPeat iy piece SONS 
Supplements deal with a very wide range of specific types of equipment — radios, TVs, e Professionally written 
cassette recorders, amplifiers, video recorders etc.. e@ Regular Supplements 
REFERENCE DATA: Detailing vital parameters for Diodes, Small-Signal Transistors, @ Sturdy gold blocked ring-binder 


Power Transistors, Thyristors, Triacs and Field Effect Transistors. Supplements include 
Operational Amplifiers, Logic Circuits, Optoelectronic Devices, etc. 


ELECTRONICS SERVICE MANUAL 


(ESM - Printed version only) 


Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA 
Regular Supplements: Unlike a book or encyclopedia, this Manual is a living work — 
continuously extended with new material. If requested, Supplements are sent to you on 
approval approximately every three months. Each Supplement contains around 160 pages 
— all for only £23.50+£2.50 p&p. You can, of course, return any Supplement (within ten 
days) which you feel is superfluous to your needs. You can also purchase a range of past 
Supplements to extend your Base Manual on subjects of particular interest to you. 
Presentation: Durable looseleaf system in large A4 format 


Price of the Basic Work: £29.95 
(to include a recent Supplement FREE). 


Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Electronics Service 
Manual, for whatever reason, simply return it to us in good condition within 30 days and we will make a full refund of your 
payment — no small print and no questions asked. All we ask is that you pay the return postage. (Overseas buyers also have to 

pay our overseas postage charge). Sorry, but we can only make exchanges on the Modern Electronics Manual (CD-ROM 
version) if the CD-ROM is faulty, we cannot offer a money back guarantee on this product as the content can be printed out. 


Wimborne Publishing Ltd., Dept Y1, 408 Wimborne Road East, Ferndown, Dorset BH22 OND. Tel: 01202 873872. Fax: 01202 874562. 
Online shop: www.epemag.wimborne.co.uk/shopdoor.htm 


ewes 


1 PLEASE seni me SIT ey = oD ORDER FORM I 
| Simply complete and return the order form with your | 
I [_] THE MODERN ELECTRONICS MANUAL (CD-ROM version only) payment to the following address: I 
Wimborne Publishing Ltd, Dept. Y1, 408 Wimborne 
| im ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT (Printed version only) Road East, Fenonn, aoa BH22 9ND | 
1! sates Li baal . £29. in (for one baer ae a .90 for both Manuals (saving £10 by We offer a 30 day MONEY BACK GUARANTEE | 
| ordering ot together) plus postage if applicable. . ‘ on ESM - see the panel above for details. | 
I | also require the appropriate ESM Supplements four times a year. These are billed I 
separately and can be discontinued at any time. (Please delete if not required.) 

I POSTAGE CHARGES FOR ESM , 
I FULL NAME oi ict oe ei ead ee ONE REE REE CEES RGR KE Oa Ra Pa MEM CD-ROM POST FREE TO ALL COUNTRIES I 
(PLEASE PRINT) (Note we use the VAT portion of the MEM CD-ROM payment 
| ADDRESS. “6:.62304 esck One eahiwa Riad eniusaniiid sowkuca beau ee aoa to pay for overseas postage) | 
ene shel ese etlipiohn teh cnaaog oerneesideieas Pie PERE PAINTED MANUAL I 

Postal Region Surface Air 
DD aie tnadic i ecamaiv edad Weddin Means bee POSTCODE .............0005 Mainland UK FREE = | 
| Scottish Highlands, | 
I SIGNATURE ce sccneie aterarates goaneresarunt dana hie saya aid Gina ea.n heat aieve oiaiene aia a Gane are ote UK Islands & Eire £7 each _ I 
I | enclose cheque/PO in UK pounds payable to Wimborne Publishing Ltd. Europe (EU) = £23 each I 
" i ‘i ; Europe (Non-EU) £23 each £30 each 
| Please charge my Visa/Mastercard/Amex/Diners Club/Switch Switch Issue No ..... USA & Canada £28 each «£39 each | 
| Card No Far East & Australasia £35 each £43 each | 
pi CHANG coat eat etal Cet apa wensatai wap ade aa beRN ieee REL Rdead Se haety Rest of World £28 each £52each_ 
I Card Exp. Date.......... Card Security Code.......... Please allow four working days for UK delivery. I 
| (The last 3 digits on or just under the signature strip) NOTE: Surface mail can take over 10 weeks to some parts of | 


the world. Each ESM weighs about 4kg when packed. 
Dc a 


mem-cd 


| EVERYDAY 


CLASSIFIED 


TIRONICS 


Everyday Practical Electronics reaches twice as 
many UK readers as any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 


this market for the last seventeen years. 


If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £8 (+VAT) per single column centimetre (minimum 2-5cm). 


The prepaid rate for classified adverts is 30p (+VAT) per word (minimum 12 words). 


All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex CO16 


OED. Phone/Fax (01255) 861161. 


For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above. 


X-10® Home Automation 
We put you in contro 


TOTALROBOTS 


ROBOTICS, CONTROL & 
ELECTRONICS TECHNOLOGY 


High quality robot kits and components 
UK distributor of the OOPic microcontroller 


Secure on-line ordering 
Rapid delivery 
Highly competitive prices 


jus! 


Why tolerate when you can automate? 


An extensive range of 230V X-10 products 
and starter kits available. Uses proven Power 
Line Carrier technology, no wires required. 


Products Catalogue available Online. 


Worldwide delivery. 


Laser Business Systems Ltd. 
E-Mail: info@laser.com Visa 


http://www.laser.com 


Tel: (020) 8441 9788 


Fax: (020) 8449 0430 
http://www.olimex.com/pcb 
PCB prototypes for $26 


FR-4, 1.5 mm, 35/35 um copper, 
160x100 mm, double side, PTH, 
soldermask, component silkscreen 
production in 3-5 working days 
made in Bulgaria 
no import tax to Europe, UK and US 


Visit www.totalrobots.com 


Tel: 0208 823 9220 


TRANSFORMERS 


Transformers and Chokes for all types 
of circuits including specialist valve units 
Custom design or standard range 
High and low voltage 
Variable Voltage Technology Ltd 
Unit 24 Samuels Whites Estate 
Cowes, Isle of Wight PO31 7LP 
Tel: 01983 280592 Fax: 01983 280593 
email: sales@vvt-cowes.freeserve.co.uk 


www.vvttransformers.co.uk 


Cooke 
International a 
www.cooke-int.com 
Electronic Test & 
Measuring Equipment 
Tel: (+44) 0 1243 55 55 90 
Operating & Service Manuals 


BTEC ELECTRONICS 
TECHNICIAN TRAINING 


VCE ADVANCED ENGINEERING 
ELECTRONICS AND ICT 
HNC AND HND ELECTRONICS 
NVQ ENGINEERING AND IT 
PLEASE APPLY TO COLLEGE FOR 
NEXT COURSE DATE 
FULL PROSPECTUS FROM 


LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 
EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721 


Oscilloscope. Kenwood CS5370 100MHz 
with onscreen readout. As new includes case 
and probes. £390 ono. 


P.C.B. workframe. Extra deep RS Part No. 
608-648. Unused £69 ono. 


Cobra car alarm ultrasonic sensor 3wire. 
£19 ono. Telephone: 0781 329 7022. 
(Maidstone Kent) 


EPE FTP site: ftp://ftp.epemag.wimborne.co.uk 

Access the FTP site by typing the above into your web browser, or by setting up an FTP session using 

appropriate FTP software, then go into quoted sub-directories: 

PIC-project source code files: /pub/PICS 

PIC projects each have their own folder; navigate to the correct folder and open it, then fetch all the files 
contained within. Do not try to download the folder itself! 

EPE text files: /pub/docs 

Basic Soldering Guide: solder.txt 

Ingenuity Unlimited submission guidance: ing_unlt.txt 

New readers and subscribers info: epe_info.txt 

Newsgroups or Usenet users advice: usenet.txt 

Ni-Cad discussion: nicadfaq.zip and nicad2.zip 

Writing for EPE advice: write4us.txt 

You can also enter the FTP site via the link at the top of the main page of our home site at: 

http:/Awww.epemag.wimborne.co.uk 

Shop now on-line: www.epemag.wimborne.co.uk/shopdoor.htm 


CONTACTS WANTED 


Graduate Engineers particularly 
Electrical & Electronics 
Engineers from different 
countries should write to me 
giving telephone numbers. 
Several persons should 
preferably write together. 


Advertiser, 

P.O. Box 97, 
A-1202 Vienna, 
Austria. 


BOWOOD ELECTRONICS LTD 


Contact Will Outram for your 
Electronic Components 


Email: sales@bowood-electronics.co.uk 
Web: www.bowood-electronics.co.uk 
7 Bakewell Road, Baslow, Derbyshire DE45 1RE 
Tel/Fax: 01246 583777 


Send 41p stamp for catalogue 
NOW AVAILABLE WITH 


Zss 128K AND 512K — OZ4 


ALSO SPECTRUM 
AND QL. PARTS 


W. N. RICHARDSON & Co. 
PHONE/FAX 01494 871319 
E-mail: wnr@compuserve.com 
RAVENSMEAD, CHALFONT ST PETER, BUCKS, SL9 ONB 


Miscellaneous 


FREE PROTOTYPE PRINTED CIRCUIT 
BOARDS! Free prototype p.c.b. with quantity orders. 
Call Patrick on 028 9073 8897 for details. Agar 
Circuits, Unit 5, East Belfast Enterprise Park, 308 
Albertbridge Road, Belfast BTS 4GX. 

PRINTED CIRCUIT BOARDS — QUICK SER- 
VICE. Prototype and production artwork raised from 
magazines or draft designs at low cost. PCBs designed 
from schematics. Production assembly, wiring and soft- 
ware programming. For details contact Patrick at Agar 
Circuits, Unit 5, East Belfast Enterprise Park, 308 
Albertbridge Road, Belfast, BTS 4GX. Phone 028 9073 
8897, Fax 028 9073 1802, Email agar@argonet.co.uk. 
G.C.S.E. ELECTRONICS KITS, at pocket money 
prices. S.A.E. for FREE catalogue. SIR-KIT 
Electronics, 52 Severn Road, Clacton, CO15 3RB. 
www.geocities.com/sirkituk. 

VALVES AND ALLIED COMPONENTS IN STOCK 
— please ring for free list. Valve equipment repaired. Geoff 
Davies (Radio). Phone 01788 574774. 

ANALOGUE RESEARCH & DEVELOPMENT. 
Reproductions or modern; for feasibility. Call between 
9-10 a.m./1-3 p.m., 01534 610213. 

KITS AND GUIDES FOR THE ELECTRONICS 
CONSTRUCTOR - NEW PRODUCTS THIS 
MONTH! Send large sae for Product Details to 
metaStable Electronics, PO Box 3103, Sheffield, S11 
TWW. Visit www.metastable.electronics.btinternet. 
co.uk. 

GRIMSBY ELECTRONICS, Lambert Road, 
Grimsby. Components, accessories, unusual items. 
S.A.E. enquiries. Telephone 01472 697414. 
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